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Foreword 


Managementsolutions to current major national issues suchas sustainable primary production, 
conservation of threatened species and ecosystems, control of animal pests and noxious weeds, 
effluent and waste treatment and the impact of climate change depend on an understanding of 
the interactions between plants, animals, land and soils within the biosphere. 

An ‘ecological’ — in its broadest sense — land management research strategy was instituted by 
the establishment of DSIR Land Resources in April 1990. The Division was formed by merger 
of Botany Division, Ecology Division, Division of Land and Soil Sciences and the Science 
Mapping Unit of DSIR, giving a multi-disciplinary capability for environmental research and 
consultancy services. 

The divisional research programme has been designed to respond to national issues and 
science priorities and to maintain stewardship of national collections and databases relating to 
the land, flora and fauna. The programme is multi-disciplinary and where appropriate is 
collaborative with other organisations. The success of the Division is evidenced by the results 
outlined in this report and the recognition accorded to staff, both nationally and internationally. 

On 30 June 1992 all divisions of DSIR, and the research divisions of the Ministry of Agriculture 
and Fisheries, Ministry of Forestry and NZ Meteorological Service were formally disestablished 
by science restructuring and ten new Crown Research Institutes were established. Staff of this 
division moved into Landcare Research New Zealand Ltd where the guiding philosophies of 
‘ecological’ land management and integrated land use systems research will endure to the 
nation’s benefit. 


Alastair D Wilson 
Director 


Biosystematics and Ecology 


BIOSYSTEMATICS OF PLANTS AND 
NEMATODES 


The scientific recognition, description, classification, 
and naming of New Zealand’s plants and animals 
has been going on since the arrival of Captain Cook 
in 1769. Evennow,many new species await naming, 
anda lot of earlier names need checking by reference 
to their original collections. The classification of our 
organisms into groups that reflect their evolutionary 
history will bring new insights to our understanding 
of the New Zealand environment and its history. 

In this programme, such studies lead eventually 
to the production of Floras, which describe all the 
plants of particular groups for the whole country. A 
series of Floras treating all the native and naturalised 
flowering plants is now almost complete, a moss 
Flora is in progress, and the third and final volume 
of a series on desmids, a group of microscopic 
fresh-water algae, was completed. The description 
and classification of nematodes, or roundworms, is 
also included in the programme. 


Herbarium 


The DSIR Land Resources Herbarium is the largest 
in New Zealand, containing over 540 000 plant 
specimens. The primary function of the herbarium 
is to be a database for a wide variety of botanical 
research. The conventional herbarium specimen is 
a plant which has been dried flat and attached toa 
sheet of stiff card. Each specimen has a label which 
gives its botanical name, details of where, when, 
and by whom a plant was collected, habitat and 
other information suchas flower colour. Plant parts 
such as seeds, cones, fruits and wood fragments, 
some of which are preserved in liquid, are also part 
of the Herbarium collection. 

A surprising range of information can be gleaned 
froma herbarium specimen. Accurate descriptions 
can be prepared for Floras and technical books and 
measurements can be made for statistical analysis. 
From the labels, the distribution of a species can be 
mapped and its habitat preferences and flowering 
times determined. 

A major area of research traditionally associated 
with herbaria is taxonomy - the classification, 
description, and naming of plants. Taxonomy of 
plants of the New Zealand region isa principal part 
of theresearch effort associated with this Herbarium. 
Study of herbarium specimens allows taxonomists 
to appreciate the range of variation within species 
and to compare allied species. It is usually only in 
the herbarium that it is possible to compare all the 
related species of a genus in the same place, in the 
same state and at thesame time. Loans of important 
specimens for research are made to other herbaria 
and exchange of New Zealand specimens with 
overseas herbaria occurs regularly. 


Herbarium specimens can even be used for plant 
chemistry. Recently, leaves from specimens 
collected in known gold yielding parts of New 
Zealand were tested for their gold content. Voucher 
specimens for chemistry and other studies are 
important so that the correct identity of the plant 
can be checked should the results of the study be 
unexpected. 

To assist in obtaining information from the 
Herbarium, a computer program CHIRP 
(Christchurch Herbarium Information storage and 
Retrieval Project) is being developed. All new 
specimens received are processed into CHIRP and 
labels are printed. A limited number of distribution 
maps and plant lists have been generated from the 
database. Some 1200 rare plant records have been 
placed on the database and made available to the 
Department of Conservation. 


Plant identification 

The Herbarium operates a New Zealand-wide 
plant identification service. Correct identification 
is an essential first step for information retrieval 


Thelymitra aemula is a native orchid which has been 
mis-named in the past. 
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DSIR Land Resources is th 


and communication about plants. Identification of 
weed species is particularly important for 
monitoring the spread of existing weeds and the 
establishment of new weeds. Noxious Plants 
Officers regularly use this service and a newsletter 
called Weed Identification News is distributed to keep 
them informed. To help prevent the establishment 
of unwanted plants in this country, DSIR Land 
Resources is involved in the identification of plant 
imports. Plants and their parts, such as seeds, are 
identified for forensic purposes. The identification 
of poisonous plants is another area of expertise. 
About 400 plant identifications are made each year. 
The main enquiries are from regional councils, 
environmental agencies, research organisations, and 
the general public. 


Plant systematics 

Native plants 

Many large genera of native plants have not been 
systematically studied for over 50 years, if at all. 
Recent studies have begun to revise the taxonomy 
and unravel the complex evolutionary history of 
Hebe, our largest genus, and its relatives Parahebe 
and Chionohebe. Classification decisions of the past 
have tended to group species which were similar, 
rather than species which were related, so that 
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although a large number of species clearly belong 
to Hebe, several small groups had been placed in the 
genus with uncertainty. A number of new 
morphologicaland anatomical characters have been 
discovered which more reliably indicate the 
relationships of these groups to the core of Hebe and 
to Parahebe and Chionohebe. A new classification, 
reflecting these relationships, will be proposed. A 
draft checklist of all the species of Hebe has been 
prepared, listing about 100 accepted species. Two 
unnamed species of Hebe have been discovered by 
DSIR Land Resources staff during the period of this 
report. 


Naturalised grasses 

The identification of wild grasses in New Zealand 
has been hampered for decades by the lack of a 
comprehensive descriptive treatment which 
includes all the recent discoveries and revisions of 
their taxonomy. Over recent years, steady progress 
has been made towards the fifth volume of the 
Flora of New Zealand, which will describe all the 
wild grasses in this country. Several precursor 
taxonomic revisions on major genera have been 
published and the main body of the text and most 
illustrations are now completed. This volume will 
be published in 1993, completing the Flora series 
begun in 1961. 


Native orchids 

New Zealand has about 100 species of native orchids 
found in a wide range of habitats from the 
subtropical Kermadec Islands to the Subantarctic 
Islands. At least 20 are unnamed and several others 
are of uncertain status. Some 25 species are 
considered to be threatened in the wild, and eight 
of these are among our rarest native plants. 

A complete revision of native orchids has been 
initiated in collaboration with Australian orchid 
specialists, and with the added support of the New 
Zealand Orchid Council, the Australian Orchid 
Foundation, and several local orchid societies. The 
chromosome numbers of most of the species have 
been determined from plants grown at Lincoln or 
in the wild, and this work has proven invaluable to 
the revision and also shed much light on the origin 
and history of New Zealand orchids. A Catalogue 
of New Zealand Orchids is in the final stages of 
preparation. Future work will centre on the 
description of new species and the biology of 
orchids relevant to their conservation or cultivation. 


Native conifers 

Native conifers are among the better known plants 
of New Zealand and occur throughout the country 
in a wide range of habitats. They vary in size from 
the massive kauri to the dwarf pygmy pine, said to 
be the smallest conifer in the world, and include 
many species such as totara, matai, and kahikatea, 
formerly exploited for their timber values. 
Conservation of these conifers as an important part 
of our nation’s heritage. 

Until recently, 18 species were recognised and 
assigned to five genera within three families. 
However, recent revisions have resulted in the 
reassignment of nine species to five different genera 
of which three are new. Further re-classification is 
necessary and theadditionalnew species and genera 
need to be described. 


Mosses 

Mosses are an important part of natural forest 
ecosystems and somesuchassphagnum have many 
commercial uses. New Zealand has about 500 
species of moss and work is underway to document 
and describe these species for publication ina moss 
Flora. Several new species, either undescribed or 
previously unknown to occur in New Zealand, 
have been identified. Moss collections held by the 
Natural History Museum in London are being 
examined and catalogued to clarify the naming of 
New Zealand species. 


Desmuids 

Desmids are microscopic green algae that live in 
freshwater lakes, ponds, bogs and swamps. 
Although most desmids are single cells, they occur 
ina variety of shapesand can have highly patterned 
cell walls. Most desmids require clean unpolluted 


water and so their presence or absence can be used 
to monitor changes in water quality. Accurate 
identification is critical for this purpose. The Flora of 
New Zealand Desmids contains illustrated 
descriptions of the 700 taxa found in New Zealand 
and keys for their identification. The third and final 
volume of the series will be published in 1992. 


Lichens 

Since the Flora of New Zealand Lichens was published 
in 1985, many significant changes in the naming 
and classification of lichens have occurred overseas. 
A lichen checklist which incorporates new names 
and arrangements is being produced by the Flora 
author, Dr David Galloway. This, when used in 
conjunction with the Lichen Flora, will provide up- 
to-date identification and reference material for 
over 1000 New Zealand lichens. 


Wood anatomy 

Fragments of wood, whether they are intact, 
decayed, sawdust, fossilised or charcoal are 
important in many kinds of investigation. Forensic 
evidence can rely heavily on the accurate 
identification and sourcing of wood fragments at 
the crime scene. Research on vegetation history 
often requires wood fromswamps, glacier sites and 
buried forests to be identified. Archaeological 
studies are assisted when wood from excavations 
or artifacts can be identified. The identification of 
wood is a complex and specialised skill essential to 
all these applications. DSIR Land Resources 
identifies over 100 wood samples each year, mainly 
for other Government Departments. 

The basis for wood identification is its anatomy, 
i.e, its microscopic structure. The size and 
arrangement of wood cells and cell wall patterns 
are unique for each species, although some may be 
difficult to distinguish. Wood anatomy studies 
involve describing the structure of wood in three 
dimensions, i.e., the transverse, tangential and radial 
planes. This information can be used to clarify 
taxonomic relationships between species as well as 
to assist identification. Wood of many families of 
native trees and shrubs has been described. 
Descriptions of three families, Cunoniaceae, 
Loranthaceae and Proteaceae have been completed 
during the period of this report. 


Chromosomes 
Chromosomesare the microscopic carriers of genetic 
information. Plants are able to tolerate changes in 
the number and structure of their chromosomes 
and still remain viable. Spontaneous chromosome 
changes can lead to new plant forms and, over long 
periods of time, the evolution of new species. 
Deliberate chromosome changes can be induced 
for plant breeding purposes and are used in the 
development of ornamentals and crops. 

Plant chromosome studies are useful for 
determining taxonomic relationships between and 


- 


within plant groups. Chromosome counts and 
karyotypes were made to clarify the classification 
and naming of species belonging to genera of 
Clematis, Dracophyllum, Hebe, Leptospermum 
orchids, and Raoulia. 


Pollen and seeds 

Pollen contains the male reproductive cells and is 
produced in vast quantities by many flowering 
plants. Atcertain times of year these minute particles 
occur in large concentrations in the air and some 
types cause hayfever and allergies. Identification of 
pollen preserved in peats, lake sediments and 
ancient rocks, allows reconstruction of past 
vegetation and provides information about how 
climates have changed. Pollen analysis can be a 
useful tool in forensic science and for the sourcing 
and quality control of honey. The text and 
photographs for a Pollen Atlas of New Zealand 
Dicotyledons has been completed and will probably 
be published in late 1992 or early 1993. This 
identification manual describes and illustrates the 
major types of pollen grains produced by native 
plants. 

The correct identification of plant seeds assists 
many research areas, for example, in analysing 
mammal or bird diets from gut or gizzard contents 
or faeces, determining past plant distributions from 
deposits in bogs or soils and determining food and 
crop plants at archaeological sites. There are 
applications for forensic science and the 
identification of seed contaminants in imported 
consignments is important in preventing unwanted 
weeds entering New Zealand. 

Seeds providemany characters important to plant 
identification and classification. An illustrated guide 
to seeds or Seed Atlas for native plants is being 
prepared. The descriptive text, keys and captions to 
accompany the first 20 photographic plates have 
been written. 


Flowering plants of New Zealand - Colin Webb, 
Peter Johnson, and Bill Sykes 

In 1990, DSIR Land Resources published Flowering 
Plants of New Zealand, a popular account of New 
Zealand’s major flowering plant families. This book 
was a major DSIR contribution to the 1990 
celebrations and received a ministerial launch at 
the Beehive. A copy was donated to every secondary 
school library in the country. 

Plants with flowers are the most important part 
of the world around us. They dominate the earth’s 
vegetation, and provide most of the essentials for 
human life. The flowers themselves are a key to 
recognising the diverse families which have evolved 
independently, each with its own properties, uses, 
and appeals. New Zealand has a high level of 
endemism among its plants as a consequence our 
early separation from Gondwanaland. Although 
no flowering plant families are unique to New 
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Zealand, our representatives are often specialised 
in unusual ways that make them difficult to 
recognise as members of their families. 

The book illustrates, in full colour, 52 families 
and describes their distinguishing botanical features 
and family floral characters. For each family, key 
genera, overseas representatives of special interest, 
and botanical statistics are included. 


Nematode systematics 


Plant and soil nematodes are small, worm-like 
animals whose abundance is often measured in 
millions per square metre. A givensite may yield 30 
different species. While some forms reduce plant 
erowthand cause economic crop loss others benefit 
plant growth through increasing the cycling of 
plant nutrients. Nematodes are important indicators 
of soil health and can be used to monitor reactions 
of soil to environmental disturbance. 

The nematode fauna of the New Zealand region 
is very poorly understood. Taxonomic studies to 
characterise the native nematode fauna also 
contribute to understanding of the ecological and 
biogeographic relationships of the New Zealand 
soil biota. This work is carried out in parallel with 
assessments of the contribution of nematode 
populations to soil processes in natural and 
disturbed ecosystems. 

Surveys of three plant feeding genera from 
managed soils in New Zealand were completed 
and anew species was described from forest subsoil 
in the Orongorongo Valley. Recent collecting has 
concentrated on plantation forests and native 
vegetation. Taxonomic studies of several plant- 
feeding and bacterial-feeding groupsarein progress. 


FLORA OF THE COOK ISLANDS 


The goal of this programme is to publish a flora of 
the Cook Islands. A flora is an identification manual 
covering all the plants of a particular region and is 
asource of authoritative botanical knowledge. Floras 
contain information about botanical and common 
names, plant morphology, distribution and habitat, 
and provide precise and detailed botanical 
descriptions for each species. Flora writing is based 
on field work and studies of herbarium specimens, 
taking many years to complete. Field work on all 
the islands of the Southern Cooks has been 
completed and the herbarium at Lincoln holds the 
largest and most comprehensive collection of Cook 
Island plants. The other major collection of Cook 
Island plants in Honolulu have been studied. 

A complete annotated checklist of Cook Island 
plants, which will form the framework for writing 
the flora, has been produced. The checklist, as well 
as listing the correct botanical name for eachspecies, 
also includes other botanical names used in the past 
and the Cook Island and English names. The 
checklist contains information on the distribution 


of each species within and outside the Cook Islands. 
The habitat of each species, whether it is abundant 
or rare and its status in the Cook Islands, i.e., 
whether indigenous, naturalised or only found in 
cultivation is also noted in the checklist. 


VARIATION IN NEW ZEALAND TEATREES 


Several large plantings of New Zealand species of 
manuka (Leptospermum scoparium) and kanuka 
(Kunzea ericoides) were established at Lincoln to 
determine the nature of genetically based variation. 
Results show widespread variation in growth, habit, 
flowering, cold tolerance, resistance to pests and 
diseases and other characteristics. 

A study of the variation of cold tolerance of New 
Zealand populations of L. scoparium was 
undertaken. This involved a cooperative 
programme with the Laboratory for the 
Improvement of Trees and Shrubs at INRA, Angers, 
France. Populations of manuka from a range of 
latitudes and altitudes in New Zealand showed 
marked differences in frost damage when subjected 
toextended periods of freezing in the 1990-91 winter 
at Angers. Manuka from montane sites of the South 
Island were largely undamaged by temperature as 
low as -12.5°C, a tolerance level much greater than 
previously demonstrated. This reveals the potential 
for selecting cold hardy cultivars of L. scoparium for 
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nces in flower size and arrangement arise when manuka and the Great Barrier Island kanuka are crossed 


pollen grain of matai (Podocarpus spicatus). 


ornamentals in cooler temperate regions. These 
observations also further understanding of the 
genetic basis of adaptation of native and introduced 
plants to regional climates in New Zealand. 


Cultivar collections and selection 

The experimental gardens at Lincoln contain 
collections of named cultivars from several genera 
of native plants, most importantly, Phormium, Hebe, 
Coprosma, Pittosporum, and Lophomyrtus. These 
collections are used to prepare cultivar checklists 
and are a source of material for selection of new 
cultivars. There is often confusion surrounding 


names of cultivars in these genera and inadequate 
information about their origin. The checklists of 
Phormium and Cordyline cultivars published in 1991 
are a significant step toward resolving some of 
these problems. Assembling cultivar collections at 
one site overcomes the variation which can arise 
from growing a cultivar at different locations. 

A number of plants have been identified as 
sufficiently distinctive and attractive to be 
considered for development as ornamentals. The 
first cultivar arising from this programme was 
Leptospermum ‘Christmas Star’ selected, as acompact 
shrub form with distinctly large red flowers, from 
the attractive Australian species L. spectabile. A 
more recent selection is based on a wild hybrid of 
Hebe odora x H. armstrongii. This is called Hebe ‘Karo 
Golden Esk’, and is being propagated and marketed 
by a major New Zealand producer of ornamental 
plants. The name ‘Karo’ is an acronym of “known 
and recorded origin” and will be applied to further 
cultivars developed at Lincoln. Several other 
selections are being assessed by New Zealand and 
overseas propagators with the prospect of contracts 
for the multiplication and sale of these plants. 
Interspecific crosses are being made in Hebe and 
Leptospermum. There are early signs that new 
attractive ornamental cultivars will arise from the 
resulting hybrids. The discovery that large flower 
size in some cultivars of Leptospermum scoparium is 
related to an increase in the number of sets of 
chromosomes (ploidy level) up to the tetraploid 
level in Leptospermum ‘Keatleyi’ and the existence 
of an intergeneric hybrid between L. scoparium and 
the Great Barrier Island endemic, Kunzea sinclairii, 
point the way to exciting possibilities for further 
improvements in the ornamental use of teatrees. 


ETHNOBOTANY - STUDIES ON MAORI 
AND EARLY EUROPEAN PLANTS 


Ethnobotany is the study of the way people use 
plants and their products before commercialisation. 
It is important to conserve the biological diversity 
of plants that have been used in the past by Maori 
and early European and to retain the traditional 
knowledge about these plants in a culturally 
appropriate way. 

DSIR Land Resources holds a computerised 
database called Peopleplants which contains 
information, from both published and unpublished 
sources, about plants and their uses traditional to 
Maori, Pacific Islanders and early Europeans. As 
this database has grown in size, it has been divided 
into several files to enable more efficient searching. 

In collaboration with Pu Hao Rangi Maori Trust, 
a concept plan or resource document for the 
development of a national ethnobotanical garden 
in Auckland was produced. This document 
combines basic information about plants used by 
Maori, particularly kumara, and the existing living 
collections required to establish Te Wao Nui A 


10 


Tane - A National Ethnobotanical Garden. In 1991 
a Steering Committee was set up with 
representatives from Pu Hao Rangi, DSIR, 
Department of Conservation, Manukau City 
Council, and Auckland Regional Council to further 
the plans for this kaupapa Maori garden. 

A living national collection of 68 traditional Maori 
flax Phormium varieties, based onthe Rene Orchiston 
collection and other cultivars believed to have been 
used by Maori weavers, is maintained. This 
collection is located at Havelock Northand Lincoln. 
When the plants are large enough to be divided, 
portions are given to weavers for planting at their 
own marae. Ornamental cultivars of Phormium are 
also grown at Lincoln. 

DSIR Land Resources was also involved in the 
Inter-Institutional Linkages Programme, a 
cooperative programme between New Zealand 
and the ASEAN countries funded by The Ministry 
of External Relations and Trade. This programme 
seeks “to develop the cultural, technical and 
developmental aspects of regional floras” and to 
establish sustainable linkages between ASEAN and 
New Zealand institutions. 


BIODIVERSITY AND THREATENED 
ANIMALS AND PLANTS 


The majority of animals and plants native to New 
Zealand are unique and many groups have 
distinctive features that reflect their long isolation 
from plants and animals on other land masses. This 
programme investigates the factors that control the 
diversity and relative abundance of selected native 
plants and animals, with an emphasis on those 
species with limited or declining distributions. Our 
goalis toimprove understanding of New Zealand's 
unique animals and plants and to provide 
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Kumara is a plant of great cultural significance to 
Maori (photo: Northwood Collection, Alexander 
Turnbull Library). 


information for environmental management, 
conservation of genetic resources, and the 
preservation of our natural heritage. 


Native vegetation 


Tree distribution and climate change 

Climate changes during the Pleistocene glaciations, 
which began about 2.5 million years ago, had a 
major impact on the distribution of tree species in 
New Zealand. During the last periods of intensely 
cold climates (25 000-15 000 years ago) most forest 
plants were reduced to small remnants south of the 
Waikato Basin. Refugia for tree species in the North 
Island were extensive while most species in the 
South Island survived only insmallisolated stands. 
New Zealand climates warmed rapidly between 
18 000 and 10 000 years ago. Reconstruction of the 
changes in distribution of selected tree species, 
using the pollen record, suggests that most tree 
species occupied their present range within a few 
centuries of this climate warming. Results of this 
study and a parallel investigation of the climate 
zones occupied by many evergreen broadleaved 
species in New Zealand, have provided a clearer 
understanding how our tree species respond to 
climatic change. 


Vegetation patterns 
New Zealand has several regions where there are 
many local endemic species. These “hot spots” of 
biodiversity are of special interest because they 
provide an opportunity to examine the different 
factors that cause species-rich areas. Twosuchareas 
have been examined in detail - western Nelson and 
the Waikato Basin. The mountains and valleys of 
western Nelson contain a wide variety of rock types 
along a major rainfall gradient. Differences in 
vegetation typesamong the mountain ranges largely 
reflect the presence of calcareous rocks and the 
annual rainfall. However, some local distribution 
patterns remain unexplained. In the Waikato, 
surveys of plants growing on the local hills indicates 
that differences in plant composition are largely 
due to habitat diversity, particularly the availability 
of sites too wet or too dry to support tall forest. 
Another approach has been to document in detail 
the habitat occupied by species throughout their 
ranges. Beginning in Westland, the distribution of 
plant species, that are either clumped or have 
marked gaps in their distribution across the region, 
is being mapped. The reasons for the present 
distribution patterns of these species will be assessed 
from information gained from studies of their 
biology. 


Threatened plants 

New Zealand has many plant species with very 
limited distribution. Biological and ecological 
studies of representative examples of these species 
will assess the main factors responsible for their 


local occurrence. A study of water relations in the 
threatened Canterbury shrub, Helichrysum 
dimorphum, over the 1991-92 summer shows that 
the species occupies a very restricted zone in the 
landscape, determined largely by the plants ability 
to cope with water stress. 


Plant dispersal and reproduction 

Fleshy fruits are common among New Zealand 
plants and are usually eaten by birds. The range of 
different features found in fruits and their relative 
importance in the dispersal of the fruits was 
investigated. Research on the different fruit features 
in the genus Coprosma has revealed that red and 
black fruits are more conspicuous than the other 
fruit colours, suchas white and blue. The fleshiness 
of fruits increases at higher altitudes but less so in 
the brightly coloured fruits. An experimental study 
in which birds were presented with intact and 
modified fruit showed that birds only take 
unblemished fruit, avoiding those with punctured 
or marked skins. 

Some species of plants have both a male and 
female form. The vegetative and reproductive 
behaviour of such sexually dimorphic species was 
investigated in two recently completed long-term 
studies. Breeding experiments with the native 
climbing umbel, Scandia geniculata, showed a 
surprisingly simple mechanism of sex inheritance, 
probably controlled by one gene. Like many other 
dimorphic species, male progeny of Scandia 
geniculata flowered earlier than their female 
counterparts. In the Russian dimorphic umbel, 
Trinia leiogona, there was no difference in age at first 
flowering for male and female offspring. However, 
progeny of female parents are larger, possibly 
because female seed results from outcrossing. 


Native animals 


Fur seals 
New Zealand fur seal populations are recovering 
from massive exploitation last century. In the last 
few years their breeding distribution has spread 
north and has now reached the Cook Strait region. 
However, the size and dynamics of the present 
populations are poorly known and this is fuelling 
the controversy regarding the fisheries by-catch. 
The population and breeding status of fur seals in 
the Nelson Bays and Marlborough Sounds region 
are being studied to establish an accurate baseline 
dataset against which future natural or human- 
induced trends can be quantitatively assessed. 
Presently four breeding colonies have been 
identified between Whanganui Inlet and Stephens 
Island and a few others probably occur further east. 
Current annual pup production is in the range of 
200 to 500. Further research involving marking of 
pups born in Tasman Bay is planned to study 
recruitment and other aspects of the population 
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Giant weta (Deinacrida “maungakoura”) from the 
Kaikoura Ranges. 


dynamics at the northern front of the fur seals 
present breeding range. 


Kiwis 

It is a paradox that so little is known about kiwis 
when they are probably New Zealand’s best known 
bird. Their taxonomy has been debated, without 
resolution, for about the last 140 years, and even 
basic information on their distribution and 
abundanceisstill incomplete. Several mountainous 
areas of the South Island were surveyed in order to 
learn more about the distribution and status of 
great spotted kiwis, the largest of New Zealand's 
kiwi species. 

Night time counts of calls show that great spotted 
kiwis are most numerous in wet, seemingly 
inhospitable vegetation, 800 to 1000 metres above 
sea level. This suggests that the birds are upland 
specialists, adapted to life in a harsh and rugged 
landscape. But this is only partly true. The species 
asa wholeseems tocomprise an upland and lowland 
race, which differ from each other in body size. The 
larger upland race predominates today, only 
because introduced predators have destroyed most 
of the lowland birds. 

Great spotted kiwis seem to have a reasonably 
certain future, even if they are now not as 
widespread and numerous as they used to be. Few 
predators can tolerate wet, sub-alpine conditions, 
so the upland kiwis should remain unharmed. The 
question now being addressed is whether the 
lowland race should be recognised as a separate 
taxonomic entity and preserved for its own sake. 
This will be resolved when investigations into the 
genetic make-up of great spotted kiwi are 
completed. 


Kaka 

The kaka isa forest parrot endemic to New Zealand, 
whose numbers have declined this century. The 
energetics and breeding success of a remnant 
population of the South Island subspecies, in a 
beech forest modified by introduced browsing 
mammals, were measured. In seven years only one 


12 


successful kaka nest was found. In summer, kaka 
obtain most of their daily energy requirements 
from honeydew excreted by a native scale insect, 
but in autumn this food source is depleted by high 
numbers of introduced wasps. To test whether 
declining kaka numbers are due to a shortage in 
high energy food, a supplementary feeding 
experiment is being carried out. Over 20 kaka have 
been trained to eat solid foods and drink honeywater 
(replacing honeydew) daily at a feeding station. 
This research has shown that the supplementary 
food is additional to their usual diet. 

The other high energy food periodically available 
to kaka is beech seed. High seed years contribute to 
higher than normal stoat populations. The only 
female kaka to breed successfully in the study was 
subsequently killed by a stoat while nesting. 
Fledglings which are initially flightless are also 
vulnerable to stoats and rats, known predators of 
kaka nestlings. Therefore, beech seed production 
and its effect on rodent and stoat numbers is being 
monitored to determine the relative importance of 
these factors in the population dynamics of kaka. 
Development of specialised techniques for capture, 
handling, radio telemetry and automatic feeding 
have been essential for the success of the study. 


Native invertebrates 


Land snails 

Collectors have been attracted to New Zealand’s 
carnivorous land snails by their large size and the 
variety of colour patterns. The family Rhytididae, 
which includes the familiar genera Powelliphanta 
and Paraphanta, also contains several genera of 
mostly smaller carnivores with plain shells. What 
these snails lack in visual appeal they make up for 
inevolutionary and behavioral interest. Therichness 
of New Zealand’ssurviving Rhytitid fauna provides 
a special opportunity for comparative studies of 
feeding. Prey capture has been observed in captive 
snails in the genera Wainuia and Rhytida and 
correlated with the diet of wild snails. Carnivorous 
species eat other snails and worms and one New 
Zealand species is particularly fond of the small 
jumping crustaceans called landhoppers. 
Specialised teeth and behaviour adapt species to 
different diets. Some behaviour patterns found in 
New Zealand snails have also been recognised in 
their relatives from South Africa and Australia, 
suggesting that they may be ancient. Other 


adaptations appear, at present, to be unique to New 
Zealand snails. 


Skinks and weevils 

The progress and viability of small populations of 
skinks and weevils is being studied on several 
islands in Fiordland where rats have recently been 
eliminated. The rare Fiordland skink was re- 
introduced to Hawea Island following successful 
eradication of rats in 1986 and regular monitoring 


is being undertaken to establish the rate of increase 
and spread of the animals in a predator-free 
environment. Fiordland knobbled weevils and flax 
weevils, released on Breaksea Island in 1991 about 
three years after rats were eradicated from the 
island, are also being monitored. 


Wetas 

Little is known about the distribution and status of 
many of the more than 70 species of weta in New 
Zealand. Giant wetas are New Zealand’s largest 
and most ancient invertebrates. All species of giant 
wetas (Deinacrida species), apart from one, are 
regarded as rare or endangered. In 1992 a major 
survey was conducted in the Seaward and Inner 
Kaikoura Ranges resulting in the discovery of an 
important mainland refuge for three giant weta 
species. In 1976, 43 giant wetas from Mana Island 
were released on Maud Island where there are no 
rodent predators. A recent population census of 
this island showed that the Deinacrida rugosa 
population was well established. Biological 
observations, breeding techniques and 
requirements of giant wetas are continuing to be 
studied in outside enclosures in Wellington. Like 
many of the other large flightless ground-dwelling 
insects in New Zealand, tusked wetas have been 
eliminated from the mainland and islands where 


rats have invaded. Recently an undescribed species 
of tusked weta was found ona predator-free island 
in northern New Zealand. 


Forgotten Fauna - Mike Meads 
As aconsequence of New Zealand’s isolation from 
other lands and lack of native mammals, our fauna 
contains many primitive and giant insects which 
are unique. However, many of these small animals 
are seriously threatened by introduced predators 
and loss of habitat and many now survive only on 
islands and nature reserves. © 

Forgotten Fauna, published in 1990 by DSIR 
Publishing, describes these rare, endangered and 
protected invertebrates. Some of which are of 
considerable international scientific and 
conservation interest. Interesting and informative 
facts, including the latest research findings, are 
presented along withsuperb full colour illustrations. 
Separate sections examine wetas, beetles, snails 
and slugs, parasites, and invertebrates species 
threatened by natural phenomena. The book has 
been very popular with schools and is a positive 
step towards dispelling negative images of 
invertebrates and for fostering public acceptance 
and understanding of the need to conserve our 
native fauna. 
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ECOSYSTEM PROCESSES AND 
ENVIRONMENTAL CHANGE 


This programme focuses on environmental change 
in relation to dynamic processes, particularly in 
those vulnerable ecosystems which havea range of 
weed, pest and other management problems. New 
Zealand hasabiotaand landscape now substantially 
different from that of pre-settlement times, and it is 
no longer feasible to separate out those aspects 
which are natural from those resulting from the 
activities of humans. Our long-term aim is to gain 
an understanding of the complex interactions of 
natural and human-induced change. 

Current work focuses on four critical influences 
presently operating in the New Zealand 
environment: direct human modification of the 
landscape and environment, weed invasion, 
herbivory and predation by introduced mammals, 
and climate change. 


Climate change and vegetation history 

Studying past vegetation in relation to climate 
change is one way of determining how sensitive the 
natural vegetation is to major climatic alterations. 
We have undertaken analyses of fossil pollen, the 
distribution and age of wetlands, and soil charcoal 
in order to discover, in broad outline, the patterns 
of bothclimaticand vegetation change. Pollen results 
suggest that the early part of the Holocene (10 000 
to 7000 years ago) - known from deep sea core 
analyses and glacial evidence to have been the 
warmest period of the last 100 000 years - was also 
the most equable, drought and frost free period. 
Wetlands were more restricted in distribution at 
this time, some lakes were dry and many peat bogs 
grew slowly during the early Holocene, particularly 
in the east. Although there were fires - as evidenced 
by soil charcoal - they seem not to have been as 
common as in the latest Holocene. We believe, on 
the basis of these preliminary results, that the 
seasonality of the climate was markedly different 
fromthe present during the early Holocene. Winters 
appear to have been both drier and milder than at 
present, while summers were both moister and 
cloudier. The El Nino oscillation may not have been 
operating as vigorously during this period. If New 
Zealand warms substantially over the next few 
decades we would expect, on the basis of these 
results, warmer winters and moister summers. 
However, the El Nino is likely to continue to have 
a strong effect, so episodes of prolonged drought 
are likely to remain a feature of the climatic regime. 


Introduced animals 

Introduced predators are perhaps the single most 
critical factor causing the decline of native birds. 
Concern is often expressed that when mice are 
common in beech forest, stoats multiply and may 
prey more heavily on native birds. Long-term 
measurements (now 21 years) of fluctuations in the 
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mouse populations and of beech seedfall in the 
Orongorongo Valley have confirmed that mice 
numbers peak only in years of heavy seeding. 
Analysis of the diet of mice showed that 
invertebrates, especially caterpillars, spiders and 
beetles, are important foods. A study of insects 
emerging from the litter in summer revealed that 
moths are abundant only in years of heavy beech 
seeding. This suggests that the system is more 
complex than a simple beech seed-mouse-stoat- 
bird sequence and that invertebrates are an 
important component. Birds, as well as mice, may 
increase when invertebrates are abundant and 
predation on invertebrates by high numbers of 
mice might adversely affect the food supply for 
birds. Detailed study of these interrelationships in 
beech forest'in the Orongorongo Valley is now in 
progress. 


Wetlands 

Wetlands play a crucial role in the health of the 
land. They store, release and maintain water and 
nutrients to the many ecosystems dependent upon 
them. Yet these same wetlands have been treated 
with scant regard for these values. They have been 
drained, reclaimed, and converted into farmland, 
often with disastrous results for the surrounding 
landscape. The main aim of these studies is to 
understand how wetlands function in the landscape 
so they can be managed and maintained to preserve 
their value. 

There are many different kinds of wetlands, all of 
which behave differently. Some, such as estuaries 
and pakihiswamps, are relatively well understood. 
This programme focuses on those that are less well 
known and consequently often the most poorly 
managed. Coastal lagoons are crucial for wildlife 
and for marginal wetland vegetation. Studies of the 
vegetation of the margin of Lake Ellesmere 
(Canterbury) and the role of water quantity and 
quality were described. This data will contribute to 
management regimes for the lake which will benefit 
both users and the wildlife. Future studies will 
focus on how the many small lakes in hill country 
regulate the flow of water and nutrients to arable 
land downstream. 


Woody weeds 

Woody invasive weeds are serious problems in 
some areas of the country and are a potential 
problem of great magnitude nearly everywhere, In 
particular if there is significant climatic change. 
Research has focused on a few species which pose 
management problems, but a long-term predictive 
model concerning the general problem of woody 
weed invasion will be developed. Work has 
continued on Hakea in the Golden Bay region, Nelson 
Province. H. sericea tolerates poor soils and 1s 
spreading into low pakahi-like vegetation following 
fires. In mixed stands with manuka and kanuka, 


these natives dominate after the Hakea canopy 
collapses. However, pure stands of Hakea have 
dense crowns which prevent native species from 
establishing. Once the stand begins to collapse, 
bracken is usually the first vegetation to regenerate. 

Conifer invasion is a considerable concern in the 
open tussockland country of the South Island. In 
many areas of the South Island, conifers such as 
Pinus contorta, Pinus nigra, Larix decidua, and 
Pseudotsuga menziesit are poised to undergo 
secondary spread after initial dispersal from the 
widespread forest shelterbelts and plantations 
established after the Second World War. Studies of 
Pinus contorta have shown that pine seedlings can 
establish in snow tussock 30 km downwind from 
the parent plant. As these young plants can seed 
from about 15 years of age onwards, the potential 
for explosive secondary spread now clearly exists. 


Forest regeneration 

In recent years there has been increased interest in 
regeneration processes in forest and various models 
have been proposed for the natural replacement of 
the forest canopy. One specialised regeneration 
model, where the forest continually regenerates 
along a moving front of dying trees, has been 
reported from fir forest growing near the tree line in 
the Northern Hemisphere. There, a strip of dying 
trees slowly shifts downwind as trees exposed to 
the wind gradually die and fir seedlings establish 
under the strip of dying trees. The mechanisms 
driving the “waveregeneration’” are frequent strong 
winds and cold winter temperatures causing build 
up of rime ice on the exposed foliage of the trees. 
The twigs become brittle and break off and as the 
trees gradually lose foliage, their vigour declines 
and they eventually die. 

Wave regeneration was found in low altitude 
silver beech forest in the Rimutaka Range near 
Wellington, where the winter temperatures are 
mild, and the deposition of rime ice cannot cause 
the forest dieback. The sites are on ridges exposed 
tothe prevailing northwest wind and the trees have 
smooth, wind-shorn and flattened canopies. The 
_ dieback zone has shifted downwind at a rate of 
about half a metre per year for at least 170 years. As 
the rate has been relatively constant the dieback 
cannot result from windthrow, especially as most 
dead trunks remain standing. Although the sites 
are 28 km from the sea, initial findings link the 
dieback to the atmospheric sea salt that deforms 
sensitive trees elsewhere in the region. 


Soil-plant interactions in native forests 

The root system is a vital link in the cycling of 
nutrients in the forest ecosystem. However, therole 
of podocarp root nodules in this process is poorly 
understood. Podocarps often pioneer onto alluvial 
soils, but many can also tolerate skeletal soils or 
those with impaired drainage. Root nodules are 


likely to be an important factor in this very wide site 
tolerance exhibited by podocarp trees and shrubs. 
The functioning of the nodules may therefore be 
critical to the plant’s ability to withstand 
environmental stress. Research investigating the 
ultrastructure and function of the root nodules was 
started by the electron microscope unit at Lincoln. 


Research in Orongorongo Valley 

The research station in the Orongorongo Valley in 
the southern Rimutaka Range, established by the 
Department of Internal Affairs for research on 
possums in 1946, has been maintained and operated 
by DSIR since 1965. It provides facilities forresearch 
on forest ecology and on the impact of introduced 
animals on the forest and its inhabitants. Long- 
term measurements of plant and animal 
populations, some now exceeding 20 years, have 
been carried out there. They include measurements 
of changes in forest composition, seedfall, and the 
populations of possums, rodents, rabbits, predators, 
birds and invertebrates. This research documents 
the frequency and magnitude of population changes 
and helps to reveal the causes and complexity of 
these changes. Research activity in the Orongorongo 
Valley hasrecently increased and has been extended 
into the higher altitude forest. 

DSIR Land Resources staff, as part of an informal 
public relations and educational programme, have 
talked to numerous school groups and members of 
the public on the work of the research station and 
the importance of the environment. Footage for an 
item on possum control was shot in the 
Orongorongo Valley research area by the Australian 
television programme “60 Minutes”. 


Sphagnum harvesting 
About 1000 dry tonnes of sphagnum moss are 
exported annually from New Zealand. DSIR Land 
Resources became involved in studies on the 
sustainability of sphagnum harvesting, in response 
to the concerns of the Department of Conservation. 
This has provided an opportunity to view different 
sphagnum communities, study some of the 
ecological processes, and assess growth rates. 
Growth rates were monitored at a number of 
sites in Westland and found to be significantly 
greater in lowland compared with montane sites. 
Although some montane sphagnum communities 
should not be commercially harvested, sphagnum 
moss harvesting is ecologically sustainable inmany 
cases. Sustainability requires careful site treatment 
and reseeding of harvested areas with portions of 
actively growing moss, as a means of speeding 
recovery. The growth rate of reseeded moss is 
similar to that of intact moss. Shade and/or shelter 
significantly improves moss growth compared with 
open sites, principally by limiting the effect of 
drought. 
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Red Lagoon — a kettle lake with wetland margins worthy of protection in the 


Vegetation of New Zealand- Peter Wardle 

New Zealand, with its isolation from other lands, 
and latitudes ranging from the subtropical to the 
subantarctic, has a unique and highly diverse 
vegetation. Vegetation of New Zealand, published in 
1991 by Cambridge University Press, is the first 
comprehensive account of our vegetation since 
Cockayne’s The Vegetation of New Zealand was 
published in 1928. At just over 600 pages, this new 
work makes a major contribution to our 
understanding of New Zealand’s plant life by 
incorporating the vast amount of ecological research 
carried out over the past six decades through-out 
New Zealand. 
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The book begins by considering the origins and 
ecological features of the native flora, which consists 
mostly of endemicspecies. Also discussed are factors 
which shape the vegetation, such as landscape, 
climate, historical events, and not least, human 
impact. Each of the major categories of vegetation 
are then described, including communities of both 
native and naturalised plants and the vegetation of 
remote outlying islands of the New Zealand 
archipelago. Concluding chapters summarise 
ecophysiological aspects of the vegetation and 
discuss recent ecological processes such as 
disturbance, regeneration, invasion and succession. 


Ecological Processes 


ECOLOGY OF INTRODUCED ANIMALS 


New Zealand’s native plants and animals evolved 
over a long period of isolation and in the absence of 
terrestrial mammals. The colonisation of New 
Zealand by people over the last 1000 years has been 
accompanied by a multitude of deliberate and 
accidental introductions. Many of these introduced 
animals have had drastic impacts on native plants 
and animals, or now threaten agricultural 
production by damaging crops or spreading 
diseases. This programme aims to increase our 
knowledge and understanding of the ecology and 
impacts of introduced animals as well as heighten 
public awareness of the problems caused by these 
animals. The research is carried out in close 
consultation with, and receives partial funding 
from, management agencies suchas the Department 
of Conservation, the Ministry of Agriculture and 
Fisheries, and the Animal Health Board. This 
ensures that research findings will directly improve 
current management strategies. Advice was 
provided ona widerange of environmental matters, 
particularly relating to the proposed introduction 
of myxomatosis. Specimens were identified for the 
Health Department, Police, and Department of 
Conservation. 


Possums in native forests 

Possums are considered New Zealand’s worst 
introduced mammal pest because of the damage 
they inflict upon native forests and their role in 
spreading bovine tuberculosis to cattle. The natural 
variation in possum numbers living in a lowland 
forest in the Orongorongo Valley, near Wellington, 
hasbeen studied since 1966. Thisis the only intensive 
long-term study of possums in New Zealand. Since 
1966, possum numbers have generally remained at 
between six and 12 per hectare, peaking at 14 in 
1990. This possum population is among the least 
variablemammal population studied to date. Recent 
analysis demonstrated that the size and direction of 
annual changes in density are partly controlled by 
density itself, i.e., the variation is density-dependent 
and the population is regulated about an 
equilibrium. The main density-dependent factors 
for both males and females are winter mortality 
and immigration. 

Data from this long-term study were also used to 
validate and improve current methods for mark 
and recapture analysis of animal populations. In 
particular,anovelage-dependentJolly-Sebermodel 
was developed and applied to the study of 
immigration and emigration. These findings are 
being used to improve current models of possum 
population dynamics to allow better prediction of 
the outcome of current and future possum 
management strategies. 


Continuing research on the impacts of possums 
in the native forest of the Orongorongo Valley has 
demonstrated the importance of the flowers and 
fruits of native and introduced plants in their diet. 
Possums eat the fruits of almost all fleshy-fruited 
plants and may strip the entire crop of fruit from a 
tree ina few nights. Most fruits are eaten whole, but 
the flesh only is stripped from larger fruits, such as 
those of hinau or karaka. Eradication of possums 
froma 20 hectare area clearly showed that possums 
suppress fruit production by browsing on the leaves 
and flowers. In the year following possum 
eradication, production of hinau fruit increased 
fivefold and all nikau palms on the area produced 
fruit compared with only one in the previous five 
years. 

The Department of Conservation and the Animal 
Health Board also funded a variety of projects on 
aspects of possum biology and impact. Thisincluded 
research on pheromones (body odours) as 
attractants; a review of information on possum 
dispersal; research into maturation in relation to 
behaviour of juvenile possums; computer models 
for economic possum control operations; electric 
fencing for possum control; monitoring the 
effectiveness of different possum control operations; 
the use of aerial and satellite images to monitor 
possum damage to forests; and research into 
chemicals to deter birds from feeding on poison 
baits intended for possums. 


Possums in farmland 

Possums thrive on farmland where they can find 
suitable daytime refuges in scrub, farm buildings, 
windbreaks and riverside trees. An earlier study 
near Bridge Pa, Hawke’s Bay, revealed as many as 
270 possums living in only 12 hectares of stream- 
side willows. The local Pest Board poisoned 90 
percent of these animals in 1988 and regular live 
trapping has been used to monitor the recovery of 
the population. After three years the population 
has risen to only about a third of its previous 
density. As the Hawke’s Bay possums are prolific 
breeders, their recovery is much slower than 
expected. Immigration from the surrounding areas 
was also far less than expected. 

Possumsare largely responsible for the spread of 
bovine tuberculosis to cattle. Possums infected with 
Tb can now be found in areas covering a quarter of 
the country. A computer model was developed 
using the movements and distribution of individual 
possums and the probabilities of their death and 
infection, to predict how these areas might grow in 
size. The model also reveals that Tb is likely to 
persist only where the possum population is 
crowded, i.e., each possum’s range overlaps with 
many others. This may explain the absence of Tb in 
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Possums are considered New Zealand's number one 
introduced pest (photo: Forest Research Institute). 


possums in Australia where they are much more 
sparsely distributed. 

The rate of recovery of possum populations after 
control, and the spread of bovine Tb, are both 
critically dependent on how often possums move 
over long distances. Juvenile possums on farmland 
were fitted with radio transmitters to study their 
dispersal. Young animals predominate among 
colonists after control operations and are the most 
frequent and longest movers. Although 80 percent 
of long distance dispersers are males, the longest 
recorded movements (up to 40 km) have been 
made by females. Surprisingly, even after the density 
of possums at Bridge Pa had been reduced by 90 
percent, leaving an excess of suitable nest sites and 
food, some of the young animals born to the 
surviving females there still dispersed away from 
the area. 


Wasps 

The ecology and control of introduced wasps was 
studied, principally in the honeydew beech forests 
of the northern South Island. Honeydew is a pure 
sugar which hangsassilver droplets over the trunks 
and branches of some beech trees. Wasps reach 
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higher densities in this habitat than in the rest of 
New Zealand and remove almost all the sugary 
honeydew for several months of the year. This 
means an important food source is unavailable for 
native birds, reptiles and invertebrates. DSIR Land 
Resources initiated a large-scale field experiment to 
remove wasps from two study areas so that the 
impact of wasps on the beech forest ecosystem 
could be measured. As well as competing for 
honeydew, wasps are predators of many native 
invertebrates, particularly caterpillars, spiders and 
flies. Some of this research is being funded by the 
Department of Conservation who willusetheresults 
to determine the level of wasp control necessary to 
protect conservation values. 

The common wasp has continued to expand its 
range throughout New Zealand. On the West Coast 
of the South Island it spread ata rate of at least30km 
per year, completely displacing the German wasp 
in honeydew beech forest within about three years. 
However, inruraland urban habitats the twospecies 
still coexist. Common wasps willcontinuespreading 
until they are found virtually throughout New 
Zealand. 

The abundance of wasps can vary enormously 
from year to year as well as from site to site. 
Standard measurements of wasp density, queen 
production and the contents of wasp colonies are 
made at six sites every year. A preliminary model 
of the population dynamics of wasps was developed 
in collaboration with MAFTech and Otago 
University. This model evaluates the annual 
fluctuations in wasp numbers and predicts when 
wasps are most vulnerable to control measures. 
Data from at least another three years research are 
needed to confirm the predictions of the model. 

Wasp nests are also inspected for the presence of 
the parasitoid, Sphecophaga vesparum, which was 
released in New Zealand in 1987 by DSIR Plant 
Protection. The parasitoid has established at Pelorus 
Bridge, near Nelson, but has not been recorded at 
other release sites. At Pelorus Bridge the parasitoid 
has dispersed at least 2-3 km per year, but the 
proportion of nests parasitised has remained at 
about five percent. Data from this research are also 
being incorporated into a mathematical model so 
that the effectiveness of the parasitoid in reducing 
wasp populations can be predicted. 


Mammals on islands 

The study of mammals on islands allows 
examination of the influences of different levels of 
human interference and the effects of various 
combinations of introductions. A world-wide 
database of islands with rabbits was compiled and 
is currently being used to examine the complex 
effects of habitat, predators and myxomatosis on 
rabbit populations. A database of introduced 
mammals on all New Zealand islands greater than 
five hectares was completed and is being used by 
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Bird damage can be reduced in vineyards when large eyes are painted 


the Department of Conservation to assist with 
assignment of priorities for animal control. 

Management of introduced animals needs to be 
justified in terms of the benefits to the conservation 
values at risk, so it is important that the impacts of 
such animals on native plants and animals are well 
known. Seabird colonies on Raoul and Chatham 
Islands were thought to be threatened by feral cats. 
But studies of the cats’ diet has revealed that on 
both islands they eat mostly rats plus some land 
birds and only a very few seabirds. On Raoul 
Island, cats ate mostly kiore (the Polynesian rat) 
and ignored the larger, more aggressive Norway 
rats. Since Norway rats also prey on seabirds, 
eradicating the cats without also controlling the 
rats would be unlikely to result in much 
improvementin the bird populations. Experimental 
reduction of catnumbersinthe Orongorongo Valley 
was followed by a substantial increase in rat 
numbers, which may have threatened forest birds 
more severely than the original cats because they 
climb trees. These studies of the interactions between 
feral cats and their prey indicate that in some 
circumstances the best cat is not necessarily a dead 
cat. 

In recent years introduced mammals have been 
eradicated from an increasing number of New 
Zealand islands by the Department of Conservation. 
Rats and rabbits were removed from two islands in 
the Mercury group,and possums from Kapiti Island. 
DSIR Land Resources staff have helped to measure 
the benefits of such management by studying the 
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recovery of the vegetation. In each case, there has 
been a spectacular flush of new growth. How the 
vegetation on these islands changes with time 
remains to be discovered, but already some initial 
hypotheses about the paths of successional change 
have had to be revised. 


Bird pests 

Birds often cause significant losses in vineyards, 
estimated at over $1 million each year in the Hawke’s 
Bay district alone. Untilrecently, most grape growers 
sprayed their crops with Mesurol to repel birds, but 
this chemical has now been banned for use on 
export wines because of unacceptable levels of 
residues. 

In 1991, DSIR Land Resources began searching 
for an environmentally friendly successor to 
Mesurol, concentrating mainly on natural 
compounds that plants make to protect their leaves 
or fruit from being eaten by animals. Initial tests 
with tannin gave promising results. Captive house 
sparrows generally switched toless preferred foods 
when their favoured food was treated with a weak 
solution of the chemical. However, recent field tests 
suggest that tannin does not have a commercial 
application. It does protect grapes from birds - but 
only at high concentrations which are uneconomic 
toapply. Chemicals which might be added to tannin 
to increase its effectiveness are now being 
investigated, along with others which might act as 
stand-alone repellents. 

While thesearch fora suitable repellent continues, 
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growers must use other methods of protecting their 
crops from birds. Field trials show that multi- 
coloured beach balls, with large eye-spots painted 
around the middle, are surprisingly effective at 
discouraging birds from entering crops. The eyespot 
balls apply the super-stimulus principle, used, for 
example, by some insects who flash elaborate eye 
spots on their wings to startle approaching 
predators. Few birds land within 20 metres of the 
eyespot balls, although their effectiveness wanes 
with time and generally disappears altogether after 
about two weeks. Methods of enhancing both the 
effective life of the balls, and the impact of their 
eyespots, are currently being tested with 
encouraging results. 


Giardia in wild animals 

Giardia intestinalis is a water-borne protozoan 
parasite which causes gastric problems in humans 
and is of increasing concern to local authorities 
responsible for water quality. Although the parasite 
is usually spread by faecal contamination, wild 
animals may also provide a source of infection; for 
example, beavers in North America are capable of 
passing the infection to humans by contaminating 
water supplies. DSIR Land Resources is 
participating with Massey University in a study of 
the distribution of Giardia, particularly the 
maintenance of a persistent Giardia infection in the 
Dannevirke area. The research aims to define the 
role of wild animals as vectors of Giardia and their 
importance in the spread of the disease to humans 
and into the environment. This information may 
help with the development of appropriate strategies 
for managing Giardia infections in public water 
supplies and people. Through survey trapping and 
faecal sampling it was found that Giardia infects a 
wide range of wild animals throughout the North 
Island of New Zealand. Giardia cysts have been 
found in possums, rats, mice, hedgehogs, rabbits, 
blackbirds, thrushes, chaffinches and magpies. 
Research is now needed to establish whether the 
Giardia found in these wild animals is capable of 
infecting humans. 

DSIR Land Resources is collaborating with Hutt 
Hospital to explore the history and epidemiology 
of Giardia infection in wild populations of possums 
and rodents. Information collected over the last 20 
years in Rimutaka Forest Park, an area of native 
forest with high recreational use in the Orongorongo 
Valley, is being used to evaluate the relative 
importance of rodents and possums in 
contaminating water supplies. Recent samples show 
that about 60 percent of the rats and 15 percent of 
possums have cysts of Giardia intestinalis. However, 
samples from the 1970s show that less than five 
percent of rats were infected then. This dramatic 
increase may be related to higher rat numbers 
which developed after the eradication of feral cats 
in 1986. Further samples are being analysed to 
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The annual census of Adelie penguins in the Ross Sea 
region, Antarctica. 


pinpoint the timing of the increase in the prevalence 
of Giardia. 


ADELIE PENGUINS IN ANTARCTICA 


The breeding locations and numbers of Adelie 
penguins in the Ross Sea region have been 
determined by aerial reconnaissance and 
photography since 1981. This research is part of the 
International Survey of Antarctic Seabirds 
undertaken by various nations in different sectors 
of Antarctica. Adelie penguins, in New Zealand’s 
sector in the Ross Sea, breed over a latitudinal range 
of 1200 km from the Balleny Islands to Ross Island. 
Significant changes in penguinnumbers could warn 
of changes in the abundance of their major prey, 
krill, and in the health of the Antarctic marine 
ecosystem. The ecosystem faces threats from 
continued whaling, over-fishing, krill harvesting, 
oil spills and other human-induced changes. 
Adelies breed on ice-free, stony areas, and return 
to the same rookery site each year. They are 
photographed from the air in early December when 
most birds ashore are incubating eggs while their 
mates and most non-breeding birds are feeding at 
sea. he number of penguins incubating eggs are 
counted under a magnifying lens from enlarged 
photographs. Every December, the number of birds 


inthe Cape Roydsrookery is counted on the ground 
to calibrate these aerial photographs. Chicks are 
counted, weighed and measured at Cape Crozier 
and Cape Royds in January to compare growth 
rates and establisha condition index for comparison 
between these two chick populations. 

The overall estimate of the number of breeding 
pairs has increased from 616 500 to over 1 000 000. 
This is mainly a result of the greater accuracy of 
aerial counts and a real population increase since 
1981, rather than the recent discovery of 11 
previously unknown breeding sites with a total 
population of 63 000 breeding pairs. To determine 


the likely causes of the increase in breeding Adelies, 
a computer model of the population dynamics of 
the Cape Royds rookery was developed. Although 
variations in the extent of sea ice around a rookery 
during incubation and chick rearing can affect 
productivity, it cannot explain the population 
increase measured. Likewise, depletion of 
competing baleen whales is not a factor, because of 
the timing of the population increase. Recent 
warming of the RossSea climate is the most probable 
cause, which suggests the dynamics of Adelie 
penguin populations may be very sensitive 
indicators of changes in the Antarctic climate. 
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Environmental Processes 


SOIL MANAGEMENT FOR SUSTAINABLE 
CROP PRODUCTION 


The goal of this programmeis to develop sustainable 
crop management practices which protect soil 
resources from degradation. Research is aimed at 
gaining a better understanding of soil structure- 
tillage interactions in order to develop and promote 
preventative or ameliorative soil management 
practices. The programme also seeks to enhance 
understanding of nutrient and element dynamics 
in soils. It is this interaction which determines the 
availability of water and nutrients for plant uptake 
and the potential for leaching to ground water with 
consequent environmental implications. 


Sustainable cropping 


Soil compaction 

Soil compaction, where soil particles are rearranged 
and forced closer together, is a major farming 
problem in many parts of New Zealand. It is caused 
by intensive and untimely cultivation, animal 
trampling, and the use of heavy agricultural 
machinery. Soil compaction destroys the structure 
of the soil material thereby reducing aeration and 
drainage and increasing penetration resistance 
which restricts root growth. Soil compaction also 
limits nutrient availability. Research into the 


behaviour of important cropping soils in the - 


sustainable. 


22 


Manawatu has shown that soil degradation under 
untimely or intensive cultivation can make grain 
cropping unsustainable and uneconomic within 
eight to ten years. Productivity losses caused by soil 
compaction cannot necessarily be overcome by 
improved agronomic inputs such as fertilisers or 
new cultivars. Areas of arable land susceptible to 
soil degradation need land management guidelines 
to ensure their long-term economic and ecological 
sustainability. 

Preventative management practices to protect 
the soil from compaction were investigated. These 
involved scheduling tillage and machinery 
operations to avoid wet conditions whenever 
possible. Crop rotation practices, designed toreturn 
organic matter to the soil, were also investigated. 
Research is being undertaken to determine the 
recovery rates of physical and biochemical 
properties and soil fertility under ryegrass/clover 
pastures. In collaboration with Massey University, 
field trials were set up to determine the effectiveness 
of conservation tillage and subsoiling techniquesin 
countering or preventing soil structure 
deterioration. Conservation tillage methods prepare 
the ground for planting in a manner which is less 
damaging to the soil structure than conventional 
methods. Subsoiling practices, which mechanically 
shatter the soil to depths below the normal tillage 
zone, are being trialed. Ultimately this research will 


Effective irrigation design and water allocation procedures increase profitability and are more environmentally 
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machinery 


So 


Heavy earthmoving 


provide crop growers with management strategies 
and cultivation techniques to reduce soil compaction 
problems. 


Rate of soil erosion 

The first study to quantify the rate of surface erosion 
by wind and water of New Zealand soils under 
intensive cultivation was undertaken. Two different 
approaches were used, the first involved an analysis 
of the abundance of radioactive caesium-137 in 
topsoils of the South Canterbury downlands and 
the Manawatu. Atmospheric fallout from nuclear 
testing during the 1950s and 60s has resulted in a 
characteristic labelling of topsoils with caesium- 
137. Once it reaches the ground, caesium-137 is 
tightly bound to soil particles and is only moved by 
the process of erosion and deposition. Measurement 
of variation in the amount of caesium-137 between 
individual paddocks and comparison with the 
original input from fallout provides an index of the 
rate of soil erosion. The technique provides an 
estimate of the amount of erosion that has occurred 
since fallout began in the early 1950s. 

The second approach to measuring the rate of 
erosionis being used in the Pukekohe market garden 
area. In this area, high intensity storms periodically 
produce runoff and sediment discharge into small 
streams. An automatic stream gauging and 
sediment sampling site was established on one of 
these streams. By measuring the stream flow and 
concentration of sediment in the flow an estimate of 


an cause severe soil compaction. 


the total quantity of sediment transported from the 
representative catchment can be determined. The 
erosion rate can be calculated once the total quantity 
of sediment and the area of the catchment are 
known. 


Soil acidity and aluminium toxicity 

Soils which are strongly acidic, i.e., with a pH less 
than 5.0, often contain high levels of labile 
aluminium. This aluminium restricts plant root 
growth, reduces yield and increases sensitivity to 
environmental stress suchas drought. To determine 
the extent and distribution of toxic aluminium in 
soils in New Zealand, each parcel of land was 
identified by soil type and classified by a level of 
acidity. Using a Geographic Information System, 
information from various databases, in particular, 
the New Zealand Land Resource Inventory, was 
integrated and a pH map of soils generated. The 
results show that large areas of New Zealand have 
acid soils that are potentially toxic for plants because 
of excessive labile aluminium levels. 

Overseas research shows that it is possible to 
modify soil acidity by adding gypsum. Preliminary 
laboratory experiments were carried out to assess 
the effects gypsum on soil pH and the level of toxic 
forms of aluminium in acidic soils. Results of a field 
test showed that the extremely high and toxic levels 
of aluminium in Mapua soils, used for apple 
production near Nelson, were halved when gypsum 
was added to the soil. 
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Sustainable soil fertility 

Some soil biochemical properties have been shown 
to be sensitive indicators of soil fertility and soil 
degradation. The numbers and activity of soil 
organisms can be inferred from the concentration 
of end or by-products of microbially mediated 
processes such as nitrogen or sulphur 
mineralisation. The development and appraisal of 
new techniques to measure microbial activity in 
soilisanimportant part of soil biochemical research. 
The increased understanding of soil processes that 
these techniques afford expands our capacity to 
understand and predict the consequences of 
different land management practices. Often, early 
warning of soil degradation can be given by these 
techniques before it becomes a serious problem. A 
novel technique for measuring soil microbial 
activity, based on the reduction of dimethyl 
sulphoxide (DMSO) to dimethyl sulphide (DMS) 
by soil microbes, has been developed and assessed 
in several different soils and under different forms 
of land management. 


Soil nutrient losses under kiwifruit vines 

Most kiwifruit growers apply some fertiliser to 
their vines, but we do not know how much of this 
fertiliser contributes to plant growthand how much 
is lost from the soil. Nutrients, such as nitrogen, 
potassium and sulphate are transported through 
the soil profile with rainfall and may be leached out. 
The rate of this movement depends on the type of 
soiland how strongly different nutrients bind to the 
soil. DSIR Land Resources, in collaboration with 
DSIR Fruit and Trees, investigated the nutrient 
losses from a Te Puke sandy loam soil under 
kiwifruit production. Analysis of soil samples taken 
at different depths and times allowed the movement 
of nutrients through the soil to be tracked and 
nutrient losses to be estimated. 

The results show Te Puke soils lose significant 
amounts of nutrients. Most of this nutrient loss 
occurs in winter when large amounts are leached 
through the soil profile and when the kiwifruit 
vines are not absorbing nutrients. About 40 percent 
of both potassium and sulphate and 45 percent of 
nitrogen contained in fertiliser are lost. Further 
research is continuing to confirm estimates of 
nutrient recovery from fertilisers by kiwifruit vines. 
This work will be essential for predicting fertiliser 
requirements and understanding processes leading 
to the pollution of groundwater. 


Water in soil 

The way soil accepts, stores and transmits water is 
the result of an interaction of important processes 
in nature. Infiltration, the way water enters the soil 
system, is dependent on surface conditions which 
can be severely affected by land management. For 
example, when conditions are wet, compaction 
from treading or vehicle movement can reduce 
infiltration by reducing pore space. 
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Once water enters the soil, its movement through 
the soil is controlled by the permeability of soil 
layers and the presence or absence of interconnecting 
pores or cracks. Moisture storage, whichisimportant 
for plant growth, occurs when moisture movement 
by gravity through the larger pores slows to 
insignificant rates and capillary attraction becomes 
the dominant force. 

Continuing from the Soil Water Assessment and 
Measurement Programme (SWAMP) of the 1980s, 
when a field methodology was established for 
measuring and assessing soil water movement, 
recent work has concentrated on using these data to 
model water movement into and through soil 
profiles. A better understanding of the way water 
behaves in soil means that, among other things, 
methods can be developed to improve irrigation 
efficiencies. This can lead to reduced costs for the 
grower and reduce the percolation of water, 
nutrients and pesticides to groundwater. 


Allocation of water rights 

Research toward the development of a scientific 
rationale for allocating water rights for irrigation 
was undertaken. The present system of water right 
allocation is based on an assumed non-specific 
crop-water need. The ability of the particular site to 
handle water, i.e., its soil hydraulic properties, does 
not feature in the allocation process. Nor does the 
specific water requirement of the actual crop, or the 
type of irrigation system used. Water allocation 
procedures that take account of site, crop and 
management factors should result in greater 
efficiencies, better root-zone management and 
reduced deep percolation. The latter is particularly 
important environmentally, as the contamination 
of aquifers through poorly managed irrigation is a 
significant risk. 

Data sets of soil physical properties were 
assembled for key soils in the Blenheim 
(Marlborough), Lincoln (Canterbury) and Hastings 
(Hawke’s Bay) areas. Using these data, computer 
modelling will facilitate studies of the response of 
the soil system to simulated irrigation regimes. 
Results from the modelling studies will be compared 
with on-site field experience. Better matching of 
irrigation technique with crop and site 
characteristics should ensure environmentally 
sound management, and a more robust and 
defensible water allocation procedure for regional 
councils. 


Sustainable forestry 


Soil compaction 

Heavy machinery used for log harvesting and site 
preparation causes soil compaction in forests. This 
compaction can reduce productivity by creating 
soil properties undesirable for plant growth, for 
example, poor aeration which restricts root growth. 
Compaction may also increase runoff which leads 


to erosion and nutrient loss. Compaction as well as 
retarding tree growth can increase the likelihood of 
windthrow. 

Field and laboratory trials were established jointly 
with Forest Research Institute to determine the 
level of compaction caused by tree harvesting in 

roduction Pinus radiata forests at Tarawera and 
Kinleith in the central North Island. Techniques for 
ameliorating compaction, such as deep ripping, 
were also evaluated. Results show changes to some 
soil physical properties, in particular decreases in 
soil conductivity of water, and that compaction 
also affects seedling growth. 


Soil fertility 

Some plantation forests require additions of the 
plant nutrient nitrogen, while others require 
phosphate for sustainable production. Usually most 
of the nitrogen and phosphate is stored in the soil. 
As nitrogen is lost during the harvest of trees, the 
next crop of trees may have an inadequate nitrogen 
supply. Various management schemes for 
harvesting, including harvesting whole trees, 
harvesting stems only, and clearing the forest floor, 
wereused intrialsset up by Forest Research Institute 
at Woodhill forest in Northland. 

Nitrogen levels were measured in the litter and 
soil fractions as well as in the trees to determine the 
effect of harvest management regimes on the 
availability of nitrogen to trees. Significant changes 
in nitrogen levels of various soil pools, such as the 
more readily available microbial pool, were found. 

Some Northland forests grow on soils which are 
deficient in phosphate. Phosphate is released from 
the organic matter in these soils, although the 
amount released is unknown. New methods are 
being developed, in collaboration with FRI, to 
measure theamount of phosphate released. Marked 
differences in soil animal populations were found 
between the treatments in the trials both with 
nitrogen and phosphate. These differences reflect 
the nutrient status of the forests and influence the 
rate of movement of the nutrients through various 
pools. 


ASSESSMENT OF POLLUTION ON LAND 


New Zealand’s land-based economy relies heavily 
on chemical inputs (e.g., inorganic and organic 
fertilisers) to maintain or enhance production and 
product quality. Land-based systemsare also being 
increasingly examined as a means of disposal of 
human, farm and industrial effluent and waste. 
These additions to the soil/plant system have the 
potential to pollute and contaminate soils, surface 
and groundwater, and ultimately, may posea threat 
to animal and human health. This programme 
focuses on the adverse effects of these additions 
and involves research aimed at understanding, 
predicting, and where possible, controlling such 
Impacts. 


Pesticides in soil 

1080 
1080 poison is widely used to control introduced 
pests such as possums in native forests and rabbits 
in Central Otago. However, 1080 is a non-specific 
toxin which kills various litter-dwelling 
invertebrates, mainly insects. To assess the effect of 
this pesticide on such non-target organisms, the 
amount and kinds of litter-dwelling invertebrates 
were determined using pitfall traps. By checking 
the contents of traps at regular intervals it was 
possible to construct a profile of the invertebrate 
population, i.e., how many and which species are 
present on the forest floor and how this changes 
seasonally. Areas of forest, both immediately prior 
to and after 1080 cereal baits were dropped by 
helicopter, were surveyed for 12 months. A 
comparison of the resulting profiles showed that 
some invertebrate species were more noticeably 
affected than others by the poison. 

Determining how long invertebrates will be 
exposed to the poison depends on the rate at which 
1080 is broken down by microbes and/or removed 
from the litter zone by leaching during rainfall. 
These mechanisms of 1080 loss from baits are being 
investigated. Preliminary results show that 1080 
decomposes slowly at 10°C and that it is readily 
leached through soil. 


DDT 
DDT was used extensively in the 1950s and 60s to 
control grass grub and porina caterpillar, both of 


whichadversely affect pasture production. Because 
of its low water solubility, DDT persists in the 
topsoil and is taken up by grazing animals who 
ingest contaminated soil. DDT residues are fat 
soluble and therefore concentrate in the body and 
milk fat of sheep and cattle, prejudicing the 
acceptance of New Zealand meat and butter in 
overseas markets. Although more than 20 years 
have lapsed since DDT use was banned, residues 
are still being detected in New Zealand meat at 
levels close to, and above the limits set by overseas 
authorities. 

DDT is chemically stable and persists in the soil 
and interacts with soil constituents. Investigations 
of soil-surface characteristics were carried out to 
determine the nature of this interaction. Methods to 
enhance the breakdown of DDT residues in the soil 
are also being studied. Experiments to speed up 
microbial decay of DDT in soil by sieving, applying 
a surfactant and adding an organic amendment 
were carried out. Early results show that the organic 
amendment treatment leads to accelerated DDT 
breakdown. The potential for the chemical 
detoxification of DDT in soil was assessed. The 
addition of potassium polyethylene glycolate 
(KPEG) significantly reduced the level of DDT in 
contaminated soil while raising the levels of DDE, 
the principal breakdown product of DDT. The 
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mechanism of this reaction is now being 
investigated. 


Biocontrol of pathogenic fungi 

Pathogenic fungi, a major cause of plant disease, 
are usually controlled using chemical sprays. 
Alternatives, suchas the biocontrol of root infecting 
fungi using microbial control agents, are being 
investigated. However, a major stumbling block is 
the poor survival of introduced microbes which are 
out-competed by indigenous soil organisms. 
Research is being undertaken to enhance the 
survival of potentially useful microorganisms by 
growing them within protective mineral matrices. 
Minerals occurring naturally in the soil have a 
variety of different surface properties and their 
influence on microbial survival is being quantified. 


Soil contamination 


Cadmium 

Conventional New Zealand agricultural practices 
rely on the use of phosphate-based fertilisers. Rock 
phosphate sources naturally contain the heavy metal 
cadmium. Cadmium concentrates in the kidneys of 
grazing animals and at high concentrations can 
render them unfit for human consumption. 
Theoretically, soils with a history of fertiliser 
application will have accumulated cadmium. To 
test this hypothesis, cadmium levels in archived 
soil samples collected in the 1940s, prior to aerial 
top-dressing, were measured. By comparing these 
results to analyses of recently collected soils from 
the same sites, it is possible to assess the rate of 
accumulation of cadmium in different New Zealand 
soils. The release or desorption of cadmium from 
soil under conditions similar to those in the digestive 
tract of grazing stock is also being investigated. 
Early results show that desorption does not occur 
under alkaline conditions - only under acid 
conditions. 


Heavy metals 

Limits for the amounts of heavy metals that can be 
added to soils (e.g., in sewage sludge) are based 
upon those proposed for EEC countries or USA. 
These limits are often inappropriate for New 
Zealand’s climate, soils and land management 
practices. The toxicity of heavy metals to soil 
organisms and the effect on biochemical processes 
is being assessed in a range of New Zealand soils. 
Investigations have concentrated on the amount of 
metal added and the amount of metal that can be 
readily extracted back out of the soil. This latter 
property closely mimics the availability of heavy 
metals to plants, animals and humans. 

Results to dateshow a widerangein the sensitivity 
of soil biological and biochemical properties to 
heavy metals as wellas differences between metals. 
Results also indicate the more complexa soil process 
is, the more sensitive it is to heavy metals. 
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Land-based effluent disposal 
Soil is an excellent medium for the disposal of 
wastes because it is plentiful, itis a natural filter and 
it contains organisms which biodegrade organic 
materials. The major organic waste materials are 
farm wastes, such as animal excreta and crop 
residues, sewage effluent and sludge, and certain 
industrial effluents such as from meat processing, 
timber, pulp and paper, and dairy industries. 
Researchis being undertaken on thesustainability 
of land-based effluent treatments. A change in 
management, such as application of effluent can 
drastically alter soil characteristics. The changes 
imposed include increased effective rainfall, 
changes in vegetation, and effects of chemicals, i.e., 
nutrients, salts and toxic compounds. These may 
ultimately affect the sustainability of the land 
treatment operation by altering the physical, 
chemical and biological properties of the soil to 
such an extent that the continued application of the 
effluent is not possible or reduced loadings are 
required. Sites receiving treated sewage effluents 
and dairy factory effluent are being tested for 
changing soil biochemical and physical properties. 
The results of this research will enable land-based 
effluent renovation systems to be designed for 
long-term sustainability. 


Nitrate leaching in soils 

Groundwater in Canterbury carries a moderate 
loading of nitrate-N. This form of nitrogen is toxic 
and upper limits of 10 parts per million in drinking 
water have been adopted. One possible source of 
this nitrate in Canterbury is the nitrogen released 
by the breakdown of soil organic matter when soil 
is ploughed in autumn. The effectiveness of 
nitrification inhibitors, which prevent nitrate 
formation in soil, are being assessed following 
autumn ploughing. Early results show that the 
inhibitor dicyamodiamide (DCD) does reduce the 
amount of nitrate in soil through until spring. 
Subsequently, other inhibitors were shown to be 
ineffective. As nitrification inhibitors prevent 
nitrogen from being leached out of the soil horizon, 
additional nitrogen may become available for plant 
growth in the following spring. This possible 
agronomic advantage is being assessed. 


CARBON CYCLING AND CLIMATE 
CHANGE 


Changes in land use over time, as well as increases 
in fossil fuel use, have resulted in the steady build 
up of greenhouse gases such as carbon dioxide 
(CO,) and nitrous oxide (N,O) in the atmosphere. 
This trend can be slowed or even reversed by 
changing patterns of land use and management. 
This programme aims to provide information for 
developing policy onthe most appropriate strategies 
formanaging New Zealand's terrestrial ecosystems, 


Disposal of waste on land is an increasing environmental problem. 


so as to counter the effects on, and of, global climate 
change. 


Carbon cycling and climate change 


Carbonis constantly transferring between the ocean, 
atmosphere and land ina vast global system known 
as the carbon cycle. The amount of carbon stored in 
the oceanand atmosphere is reasonably well known. 
However, the carbon levels in soils and vegetation 
are poorly known because of the complex and 
variable nature of these living systems. Knowing 
how much carbon is in terrestrial systems, and the 
rate at which it is taken in as organic matter and 
released as carbon dioxideand methane, has become 
a matter of some urgency. Warming is one of the 
consequences of global change that will alter the 
rate at which carbon is both taken in and given out 
by terrestrial systems. There is also the possibility 
of major rapid releases of carbon dioxide and 
methane from deteriorating wetlands and 
permanently wet or frozen soils. As a result, an 
international effort is now underway to document 
the amount and fluxes of carbon world-wide. 

As DSIR Land Resources’s contribution to 
international research, a New Zealand carbon map 
showing the level and distribution of carbonin soils 
and vegetation was produced. The map was 
constructed from data compiled and interpreted 
from the National Soils Database, which contains 


information on the level of carbon in soils dating 
back to the 1940s. Information on carbon levels in 
the major vegetation types (grasslands, forests, 
crop and scrub) was obtained using the New 
Zealand Vegetation Cover Map, and estimates of 
above and below ground biomass. 

Related research involves the development of a 
model of soil organic matter turnover that can 
predict changes in soil carbon levels up to 200 years 
into the future. The ability of soil to store and release 
carbon is affected by land use practices. When 
developed, this model will be combined with the 
New Zealand carbon map to provide a powerful 
tool for determining the effect of various land 
management regimes on the carbon levels in the 
soil, and consequently, in the atmosphere. 


Carbon dioxide exchange between forest and 
atmosphere 
Large amounts of carbon are stored in litters and 
soils,as wellasin the biomass of trees. Deforestation 
contributes to global warming by speeding up the 
release of this carbon into the atmosphere. Therefore, 
determining how long carbon is stored in the litter 
and soil before being lost as carbon dioxide is of 
vital importance to greenhouse studies. 
Ajointresearch programme with Forest Research 
Institute, DSIR Physical Sciences and DSIR 
Chemistry, tomeasure the amount of carbon dioxide 
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Carbon dioxide exchange 1s being measured in native 
beech forest at Maruia (photo: John Hunt, Forest 


Research Institute). 


exchange between the atmosphere and a lowland 
native beech forest at Maruia, Nelson district, was 
undertaken. This work has led to a greater 
understanding of how thesoil contributes toregional 
and global carbon cycles. For example, results of 
this study show that, onavera ge, carbon remains in 
the soil for over 200 years before being lost as 
carbon dioxide. 


Pastoral agriculture and greenhouse gases 


Carbon dioxide 

The level of atmospheric carbon dioxide is steadily 
rising at the rate of one part per million every year. 
This affects plants, and agricultural production, by 
influencing the rate of plant growth and the ratio of 
certain plant species, i.e., C, plants fare better than 
C, under increased carbon dioxide levels. This can 
lead to the establishment of new pests and weeds 
which affect pastoral yield and palatability to 
grazing animals. 

As New Zealand’s economy is heavily dependent 
on pastoral agriculture, it is essential to be able to 
predict these and other effects of higher atmospheric 
carbon dioxide concentrations on pasture. 
Collaborative research with DSIR Grasslands and 
MAFTech will, in the future, involve setting up 
field experiments which simulate conditions likely 
to develop over the next hundred years when an 
atmospheric carbon dioxide concentration of 500 
parts per million or more will be reached. Current 
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collaborative experiments in controlled climate 
rooms are in progress at Flock House. The effects on 
pasture (above and below ground) and soil, in 
particular carbon and nitrogen cycling, are being 
measured to develop models for testing in the 
future field experiments. 


Nitrous oxide 

Nitrous oxide (N,O) isa greenhouse gas contributing 
to global warming. The main, almost exclusive, 
source of nitrous oxide is via the process of 
denitrification, in which nitrate is converted to 
nitrous oxide through the action of certain species 
of bacteria. This important biological process takes 
place in soils and sediments where there is some 
degree of oxygen depletion. 

Denitrification is extremely variable in soils, 
which partly accounts for the lack of available 
quantitative data on the role of different soil types 
and land management practices as factors 
controlling the amounts of nitrous oxide produced. 
A very sensitive radioisotopic technique is being 
used to examine the factors controlling nitrous 
oxide production from different soils. In addition, 
a new and simple method for measuring nitrous 
oxide production by gas chromatography has been 
developed. These techniques are being used to 
determine the contribution of New Zealand’s 
pastoral agriculture to levels of nitrous oxide in the 
atmosphere. 


REACTIVE CONSTITUENTS OF SOILS 


Most of the important chemical and physical 
processes in soils and sediments depend on 
interactions at-the surfaces of very small mineral 
particles and organic matter. DSIR Land Resources 
is investigating the molecular structure of these 
constituents and their surface properties toimprove 
understanding of the principles underlying research 
aimed at the effective management of New 
Zealand’s soils and natural environment. Linking 
existing information about New Zealand’s soils 
withnew knowledge about reactive soil constituents 
from international and national collaboration is an 
important element of this work. 


Soil minerals 

New Zealand soils contain relatively high 
concentrations of poorly-crystalline minerals. These 
minerals have very small particle sizes and hence 
very high surface areas and reactivity. Siliceous 
ferrihydrite, a reactive iron oxide which adsorbs 
phosphate strongly, is believed to be an important 
factor influencing soil structure. X-ray diffraction 
studies show the structure of siliceous ferrihydrite 
to consist of extremely small spheres made up of 
many smaller units or “domains of crystallinity”. 
Silicate is located on the surfaces of, and bridges the 
domains. This model demonstrates that most of the 
phosphate absorbed by ferrihydrite is difficult to 
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X-ray fluorescence spectrometer used for analysing total elements in soils. 


recoveras itis trapped inside the spheres. The small 
proportion of phosphate held on the outside of the 
spheres, however is released more readily. 

Allophane,acharacteristicmineral of soils formed 
in volcanicash, hasbeen the subject of DSIR research 
for many years. In collaboration with DSIR 
Chemistry, nuclear magnetic resonance 
spectroscopy was used to improve the structural 
model of “hydrous feldspathoid” allophane which 
occurs in a very pure form at Silica Springs, Mt 
Ruapehu. The nature of the structure indicates that 
this type of allophane is most likely to form in soils 
and sediments with relatively high pH values. 

Halloysite, a crystalline clay mineral, occurs 
commonly in soils derived from volcanic ash. It has 
a phyllosilicate atomic structure consisting of 
repeating layers of polymerised molecules. The 
interlayer or “sandwich filling” spaces between the 
layers of phyllosilicates often determine the 
availability of plant nutrients, such as potassium 
and magnesium, and the retention of organic matter. 
Halloysite can exist in a variety of crystal shapes 
and this influences some of the physical properties 
of soil. In collaboration with the National Institute 
for Environmental Studies in Japan, X-ray 
photoelectron spectroscopy was used toinvestigate 
the reasons for the differing shapes of halloysite, 
especially the effect of iron atoms in the molecular 
structure. 


Inert soil organic matter 

All soils contain a very old organic matte 
component that resists microbial ceca) 
Determining the level and properties of carbon 
locked in this fraction will contribute to our 
understanding of soil carbon turnover. This organic 
matter is thought to be biologically inert due to its 
intimate association with clay minerals, Studies 1 
collaboration with DSIR Chemistry and DSIK 
Physical Sciences were carried out to isolate and 
date this inert organic fraction in an Otago upland 
soil. Results show that the clay fraction provides 
chemicaland physical protection and in this instance 
the age of protected soil organic matter was 
exceptionally high, i.e., 6700 BP. 


i 
= 
ae 
(Dp 
cs 


SOIL AND PLANT ANALYTICAL GROUP 


The DSIR Land Resources analytical group is 
recognised internationally for the quality and range 
of soil and plant analytical data and for its record 
over many decades in method development, 
preparation of laboratory manualsand staff training. 
The analytical team provides data for a wide range 
of divisional research programmes and commercial 
clients. A large amount of chemical, mineralogical, 
physical and total element data on New Zealand 
and Pacific Island soils is stored in the national and 
overseas databases. 
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Specifically, the analytical group provides 
chemical analysis of soils and related materials, 
including soil amendments, composts, plant 
material, landfills and effluent, for characterisation 
and to identify possible limitations to plant growth. 
Total element analyses, using state-of-the-art X-ray 
fluorescence spectrometry instrumentation, are 
undertaken to determine naturally occurring major 
oxides and trace elements in soils, rocks and organic 
materials as well as environmentally sensitive toxic 
elements in waste materials. Mineralogical analysis 
ofsoilsand rocks is useful for predicting soil stability 
and determining soil suitability for agriculture, 
horticulture, forestry and effluent disposal. 
Mineralogy also provides essential information for 
theceramicand mining industries. Physical analysis 
provides data relating to the particle-size 
distribution and strength of the physical framework 
of the soil as well as the ability of soils to store and 
transmit water, solutes and air. Thesemeasurements 
are important for irrigation, tillage and erosion 
assessments. 


EARTHQUAKE RESEARCH 


The violence of ground shaking during an 
earthquake depends on the local regolith, ie., all 
the geological material covering the bedrock. More 


flexible material shakes more violently, and this 
means that recent fine-grained sediments are 
hazardous. This was demonstrated by the great 
variation in damage sustained by buildings in the 
1985 Mexico earthquake, where some buildings in 
Mexico City collapsed while others were 
undamaged. 

The Mexico earthquake provided the impetus 
for continuing research on the reasons for differences 
in ground shaking. Techniques were developed to 
allow ground flexibility to be measured directly as 
well as showing what sizes of particle exist at 
depth. Measurements of earthquake vibrations on 
a peat-filled depression, and analysis of other 
research data have shown that soft material filling 
local depressions rhythmically oscillates to and fro 
as a single unit, either swirling or sloshing as the 
earthquake shakes it. 

The major hazard is now considered to bea large 
distant shallow earthquake pushing deep basins 
full of fine grained sediment into vigorous 
oscillations, with the fine grained material providing 
cohesion which holds the ground together and 
prevents the shaking from being decreased by the 
breakup of the ground. Research is continuing to 
increase understanding of the details of this process. 
The work will continue under the umbrella of the 
Institute of Geological and Nuclear Sciences. 


Land Use Impacts 


SOIL CONSERVATION AND LAND 
REHABILITATION 


This programme is concerned primarily with 
assessment and control of soil erosion and the 
rehabilitation of land disturbed by mining or other 
excavations. This research aims to maintain the 
productive and aesthetic value of landscapes. In 
many areas, sustainability of a particular land use 
is measured largely in terms of acceptable rates of 
soil loss or by the impacts on soil productivity. 


Erosion control in soft rock hill country 

New, cost effective techniques were developed for 
producing measures of the performance of erosion 
control techniques in soft rock hill country. In 
contrast to other techniques which rely onexpensive 
measurements of movement or sediment discharge, 
the new techniques rationally interpret a large 
number of relevant observations which can be 
easily made onsite. Because erosion rates and slope 
stability can be difficult to assess accurately, the 
techniques makes use of probability theory to 
produce conclusions with a specified level of 
confidence. Separate procedures were developed 
for gully, earthflow, and landslip erosion - the three 
major erosion forms affecting soft rock hill country. 
The procedures have been computerised to allow 
interpretation of field data, report generation and 
updating of a database of erosion control case 
studies. 

The techniques were applied ina major survey of 
the performance of gully and earthflow erosion 
control on farms in the Gisborne-East Cape region. 
Analysis of the database of 280 case studies has 
provided the first empirical basis for recommending 
erosion control practices for these erosion forms. 
Erosion control guidelines have been formulated in 
terms of matches between classes of erosion 
treatments and problems, and also in terms of the 
spacing and percentage cover of tree planting. These 
latter recommendations are useful in feasibility 
studies for more sustainable, silvopastoral land 
uses. 


Controlling erosion in pumice lands 
Asan initial step towards preparation of an erosion 
control methods manual, techniques used to control 
gully erosion in pumice lands are being 
documented. These lands, which cover about 14 
percent of the North Island, are sensitive to 
environmental change and are likely to undergo 
future land use intensification, such as a change 
from beef to dairying or from dairying to cropping 
or horticulture. This intensification of land use will 
increase the risk of gully erosion. 

Traditional erosion control techniques include 
dropstructures, piping, damming, retirement, water 


diversion, sink holes and tree planting. These 
techniques have been developed through 
experimentation by two generations of soil 
conservators. However, little documentation of this 
work exists so much of this knowledge is in danger 
of being lost. 

This project aims to document the range of 
techniques available to soil conservators. Since 
design details generally remain unproven as well 
as undocumented, this involves assembling 
available information on design practices, and 
developing a standardised method of evaluating 
effectiveness for particular site-treatment 
combinations. Effectiveness is assessed in terms of 
both on-site and off-site effects. 


Earthflow mass movement and pasture productivity 
Earthflow movement is the slow, episodic, 
downslope flowing of soiland underlying material 
Although soil loss may not always be large, the 
surface of earthflows is usually broken by tension 
cracks and smaller secondary movements which 
form an irregular hump and hollow terrain. 
Earthflows are typically saturated and soft in the 
winter months, making stock access difficult. 
Earthflow activity lowers the productivity of large 
areas of fertile pastured mudstone hill country | 
well as damaging capital assets such as fen 
tracks and buildings. 

To formulate appropriate conservatio. 
it is essential that soil conservators, far 
planners have reliable information on th: 
impact of earthflow activity and the effectiveness of 
control practices. Experimental studies in the bas 
Cape region have quantified earthtlow 
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productivity reductions and the increases ir 
productivity which may be achieved through a 
range of land management strategies. Productivity 


reductions of 30 percent are probably widespread, 
while in the most disturbed areas production may 
be lowered by as much as 77 percent. 

This loss in production is due primarily to 
exposure of less fertile subsoil and extremes in soil 
moisture content produced by irregular, broker 
land surfaces. Treatment by drainage and 
recontouring can, as well as improving stability 
increase pasture production to levels 20 percent o1 
ereater thanachieved on land unaffected by erosion 
and untreated. Pasture production can be 
maintained at 5500 to 6000 kg per hectare per year 
even where treatment consists of planting spaced 
willows. Work continues on methods for integrating 
these results into more sustainable land use 
strategies involving tree planting on pasture. 


Impact of soil conservation 
Erosion-induced damage to farmland, forest, and 
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watercourses has been studied on the East Coast of 
the North Island from 1983 to 1989, Taranaki in 
1990, and the Wairarapa in 1991. These studies 
have shown that in the absence of soil conservation 
measures, damage is highly variable but can be 
described by binomial-type frequency distributions. 
These distributions, when combined with 
information about storm magnitude and 
occurrence, enable the long-term impact of erosion, 
from a series of storms, to be estimated. Damage 
levels are much lower where unstable terrain had 
beenspace planted with deciduous trees, afforested 
with pines, or allowed to revert to indigenous 
scrub. 

Most previous assessments of the effectiveness 
of soil conservation in New Zealand have been 
qualitative. These new quantitative findings can be 
used for cost-benefit analysis of soil conservation 
measures by economists, government policy 
agencies, and the regional councils which are now 
responsible for soil conservation. 


Land rehabilitation 

Areas thatare disturbed by activities such as mining 
generally have tobe restored toan environmentally 
acceptable standard. Mined land canbe made useful 
for farming, horticulture, exotic or native forest, 
conservation or recreation purposes. DSIR Land 
Resources wasinvolved inresearchand consultancy 
to establish the most appropriate way of 
reconstructing land and restoring soils, particularly 
in native forests, after mining. Loss of fertile soil 
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horizons, the presence of chemicals toxic to plant 
erowth, and soil compaction by heavy earthmoving 
machinery are the principal factors limiting site 
recovery. Research has focused on land restoration 
following mining for lignite in Southland, gold in 
hard rock on the Coromandel, gold from alluvium 
in Westland, coal from Waikato, and gravel from 
Nelson. 

Soil compaction, caused by heavy earthmoving 
equipment, is one of the major problems in the 
rehabilitation of land. Compaction destroys the soil 
structure and hinders both drainage and root 
erowth. Techniques for using soil engineering and 
physical properties to predict the degree of soil 
compaction during mining operations, and 
procedures to minimise such compaction, were 
developed. As reconstructed soils are low infertility, 
it is necessary to prescribe soil amendments and 
fertilisers to ensure productivity of new vegetation, 
whether forest or pasture species. Guidelines for 
managing the rehabilitation of pasture or forest 
ecosystems through manipulation of physical, 
chemical and biological constituents were provided. 
Plant species suitable for revegetation of disturbed 
sites were evaluated and catalogued. 


CATCHMENT PROCESSES AND HAZARDS 


Erosion, flooding and sedimentation constrain the 
sustainable land use and development of cyclone- 
prone soft rock hill country. This programme aims 
to improve understanding of the relationship 
between land use and catchment-scale erosion- 
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Debris dams and willow pole plantings are some of the 


sedimentation dynamics. This information, together 
with the results of soil conservation research, will 
be used to manage the risks of land development 
and thereby minimise the impacts of erosion and 
sedimentation on primary production and the 
environment. 


Erosion history of Lake Tutira catchment 

Nearly half of New Zealand’s land area is made up 
of hill country underlain by geologically young 
“soft” rocks prone to severe erosion. Major storms 
such as Cyclone Bola cause this land to slide 
downhill destroying farms, water supplies, roads 
and other resources - at great cost. Such storms are 
certain to reoccur, so identifying land use strategies 
which minimise erosion in hill country is important 
to land owners, local authorities and the wider 
community. 

Effective management of environmental risk 
relies on accurate prediction of how land responds 
to natural events like storms and human 
intervention such as deforestation. The basis for 
such predictions in any area is the erosion history 
recorded in sediments deposited in layers in the 
valleys and lake beds. Examination of lake cores 
taken from the Tutira catchment, northern Hawke’s 
Bay, revealed that it is possible to correlate storm 
events with ‘pulses’ of sediment of varying 
thickness. The cores providea dramatically detailed 
representation of individual storms. So that, for the 


gully erosion. 


first time, it is possible to measure accu 

way the landscape has responded to sto 

the last few thousand years. It is therefor: 

to quantify the impacts of pre-Poly L, 
Polynesian and European intervention and 
associated vegetation changes, and relate 

size to the volume of sediment produced 
work will build predictive models which can be 
calibrated with the Tutira record, so the implications 
of different land use decisions can be explored and 
the hazards and risks evaluated. 


Landslide erosion and land productivity 

Pasture productivity in New Zealand is slowly, but 
steadily declining. This problem is particularly 
serious in storm-prone hill country where fev 

farmers can afford the necessary inputs, especially 

fertilisers, to bolster diminishing production levels. 
The decline in productivity in these areas is mainly 
due to loss of nutrient rich topsoil through 
landslides. Continued pastoral use, deforestation, 
and cyclonic storms all affect the extent of such 
erosion. 

Research was undertaken to further the 
understanding of the relationship between hillslope 
pasture production and landslide erosion. 
Productivity loss associated with this erosion was 
quantified by measuring pasture growth rates on 
landslides of different ages and on cleared but 
stable remnant forest soils. Pastoral development 
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results in shallower soils, and soil depth is further 
reduced as the hillside becomes steeper. The effects 
of storm damage vary according to land use, with 
more erosion occurring under pasture than under 
either pine forest or native forest. Faster recovery of 
landslide scars to productive pasture can be 
encouraged with the right combination of land use, 
pasture species, and fertiliser application. 

This research has laid a good foundation for the 
development of land management techniques 
leading to more sustainable land use. A practical 
extension has involved developing and evaluating 
a management plan for achieving the physical 
sustainability and economic viability of a Taranaki 
farm. The plan, devised in collaboration with the 
Taranaki Regional Council, Ministry of Agriculture 
and Fisheries and the farmer concerned, is based on 
intensifying management on the best land, 
progressively destocking the poorest and steepest 
land and planting forest on some suitable areas. 


Flooding and sedimentation hazards 

A pilot study was undertaken to describe the long- 
term evolution of the Wairau Plains, Marlborough, 
and to determine the factors controlling its evolution. 
This study demonstrates that it is possible to use 
soils and geomorphological dating techniques as a 
basis for zoning the plains according to the degree 
of flood hazard. Radiocarbon dates and soil pattern 
analysis were used to estimate the age of the 
floodplain and terrace surfaces and hence the time 
since the last major flooding. This information is 
used to developan understanding of river behaviour 
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and assess the degree of hazard in different parts of 
the floodplain. Likely future changes to the 
floodplain in the short and medium term can be 
predicted taking account of the occurrence of large 
floods, water course changes, climate change, sea 
level rise, and earthquakes. The aim of the study is 
to develop nationally applicable methods for cost- 
effective flood hazard mitigation that take account 
of the geomorphic factors controlling river 
behaviour and realistically consider the impact of 
large, but infrequent, floods. 


Tephra dating and land stability 

Tephra, the solid materials explosively ejected 
during a volcanic eruption, consists of boulders, 
ash and lapilli or tephra pebbles. Volcanic activity 
in the past has periodically deposited tephra over 
the New Zealand landscape. As a result, layers of 
tephra are now found at varying depths in soils 
throughout New Zealand. These tephra layers can 
be dated and their relative depth then used to show 
the degree of weathering and erosion that has 
occurred over the period of time since they were 
deposited. 

A database of tephras deposited during the last 
400 000 years has been compiled and forms a basis 
for determining the magnitude and frequency of 
volcanic eruptions. This database has proven 
invaluable for providing time planes for 
determining erosion and sedimentation rates related 
to natural phenomena and human intervention. 
Tephra layers were used to date sediments and 
land surfaces to establish erosion history at Lake 
Tutira in Hawke’s Bay and at Makahu in Taranaki. 


Resource Assessment and Evaluation 


NEW ZEALAND LAND RESOURCES AND 
THEIR SUSTAINABLE USE 


Quality information about New Zealand’s finite 
land resources is necessary for planning economic 
and ecologically sustainable land uses. Land 
resource data such as landforms, vegetation, soils, 
regolith, and other land qualities is gathered and 
integrated. Land assessment methods and models 
are developed to establish the relationship between 
land attributes and specific land use suitabilities 
within different natural environments and 
productivesystems. These data are used for making 
land resource assessments of areas with pressing 
land use and management problems. Information 
and technology is transferred to scientists, planners, 
managersand the public toimprove understanding 
of natural values and of sustainable land use 
management. 


Soil classification 

Modern and practical methods for describing and 
classifying land and soil resources are being 
developed. Ultimately this will facilitate more 
informed approaches to land use by ensuring 
standardisation of baseline soil resource 
information. 

An innovative Soil Description Handbook which 
contains standardised descriptions of soil and site 
features was published in 1991 andarevised scheme 
of soil horizon notation in 1989. These publications 
facilitate more comprehensive and quantitative soil 
description in the field and are designed for 
computer database applications. 

The New Zealand Soil Classification (NZSC), 
published in 1992, is based onmany years of research 
and development. It replaces the New Zealand 
Genetic Soil Classification, introduced in 1948, 
which is not precise enough for modern land 
evaluation systems. The new system consists of 15 
soil orders, each of which is divided successively 
into soil groups and subgroups. Itis an efficient tool 
for soil identification in soil survey and facilitates 
communication about New Zealand soils. 

Soil subgroups identified in the NZSC will be 
split into a further category, which approximates 
the existing soil series concepts. This further level of 
classification identifies soil profiles more precisely 
and can be used on soil maps at scales of 1:50 000 or 
larger. Criteria for defining the new soil series 
within subgroups are being developed and tested. 


Land resource inventories and assessment 

The New Zealand Land Resource Inventory 
(NZLRI) is a national database containing 
information on rock type, soil unit, slope, erosion 
and vegetative cover throughout New Zealand. 


These factors vary in different areas, but all have 
some influence, whether singly or in combination, 
on slope stability and future land use potential. By 
combining these factors with climate information 
and effects of past land use, the capability of land 
for permanent and sustained production can be 
assessed and classified as one of eight land use 
capability classes. This information is used for soil 
conservation management and land use planning. 

Work is underway to upgrade land resource 
inventory information for the Marlborough and 
West Coast regions and resource inventories were 
prepared for Northland and Wellington. Soil survey 
reports were completed for Hauraki Plains, part 
Matamata County, Otaki district and the Te Kawa 
irrigation district and the Waikato lowlands. Soil 
information was also compiled for part Tauranga 
County and two hill country sequences in 
Wairarapa, southern Hawke’s Bay. 

Traditional approaches to land resource mapping 
and assessment are time consuming and expensive. 
Considerable field work and analysis is required to 
map soils and landforms for a particular area. This 
information must then be compiled and interpreted 
so that land use and development recommendations 
can be made. 

Alternative techniques and procedures to 
efficiently map and evaluate land resources are 
being investigated. A method for predicting soil 
distribution from landscape features is being 
developed. The technique is based on the concept 
that soil distribution is related tolandforms, geology, 
climate, and vegetation. Using this logicitis possible 
to extrapolate from identified landforms to predict 
soil distribution. A framework for such analysis is 
being constructed from existing soil surveys and 
detailed analysis of representative areas. Land is 
first classified into areas with similar physical 
properties which are then divided into smaller 
more homogenous classes through several 
categories of classification. Soil distribution, type 
and land use capability can be rapidly identified, 
with limited field work, by systematically following 
a series of keys. 

This approachis being investigated for mountain 
and lowland areas in the Canterbury region. The 
technique is being combined with advanced 
technologies such as digital terrain models and 
satellite imagery in the Gisborne-East Cape region. 
This research willassist the planning for sustainable 
land uses at national, regional and district level. 


Land use suitability studies 

Over 200 000 hectares of land in Otago and 
Southland, excluding Central Otago have soils with 
horticulture potential. This large area of land could 
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Land resource information is gathered by airphoto interpretation and fieldwork. Awatere Valley, 1 


Marlborough. 


be more intensively used for horticultural crops 
requiring or tolerating cool temperate conditions. 
To assist land users and investors to use these soils 
in a scientific and sustainable way, guides were 
prepared on the soils of horticultural potential in 
the Southland, coastal Otago, Waitaki Valley, and 
Kakanui districts. The guides are illustrated in full 
colour and publication costs were shared with 
Ravensdown Fertiliser Cooperative Ltd. 

Many high country farmers in North Otago and 
South Canterbury face rabbit, Hieracium and land 
management problems. A detailed map of the Tara 
Hills high country research station at Omarama, 
showing the distribution of soils, was produced 
jointly with the Ministry of Agriculture and 
Fisheries. Areas of low altitude land with deep and 
fertile soil suitable for forestry have been identified. 
Soils which may be prone to acidification and land 
whichis most appropriately leftin tussock grassland 
vegetation were also identified. Because the Tara 
Hills property is typical of North Otago and South 
Canterbury high country, recommendations can 
be extrapolated to other locations with similar 
landform and climate. 

Soils of the hill country east of Gore and in the 
Hokonui Hills and Waimea Plains northwest of 
Gore were mapped to provide better information 
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for possible horticultural and forestry development. 
In recent years there has been considerable interest 
in eucalypt forestry in the hill country and in bulb 
production on the high class arable soils in the Gore 
district. To stimulate such new land uses, and to 
provide a scientific basis for land use planning in 
the district, two maps were produced in digital 
format. Using a Geographic Information System, a 
database of attributes, such as fertility and slope, is 
being compiled for each soil. The ability of the GIS 
to make land use interpretations based on the soil 
map plus database, extends the usefulness of 
traditional soil mapping. 

The downlands of Canterbury and North Otago 
(occupying an area in excess of 200000 hectares) are 
an environmentally sensitive landform used for 
cropping. Soil-landscape models, which relate 
landscape position, soil properties and susceptibility 
to erosion, are being developed in this area in 
conjunction with a study of erosion rates. This 
work will provide a basis for assessing the extent of 
land degradation under cropping and for making 
recommendations on cultural practices to conserve 
the soil resource. 

Detailed soil variability studies on extensive 
drought-prone shallow soils of the Canterbury 
Plains will provide land users with knowledge of 


soil variability expected within management units. 
This information will enable better management 
decisions to be made, for example, amounts and 
frequency of irrigation. Understanding of soil 
variability is also needed to provide accurate 
information for use in models which calculate 
groundwater recharge and the propensity of land 
to pollute groundwater. 


LAND RESOURCE DATABASES AND 
INFORMATION SYSTEMS 


This programme is responsible for maintaining 
national databases and for development and 
application of Geographic Information Systems 
(GIS) and remote sensing/image processing 
technologies. This programme has its historical 
roots in work stretching back over the last 15 years 
inthe former Water and Soil Directorate of Ministry 
of Works and Development and the former Soil 
Bureau and Science Mapping Unit of DSIR. Major 
parts of this programme are currently based on the 
Taita, Aokautere and Lincoln campuses of DSIR 
Land Resources. 


Database maintenance and quality assurance 

DSIR Land Resources maintains two major national 
land resource databases - the New Zealand Land 
Resource Inventory (NZLRI) and the New Zealand 
National Soils Database (NSDB). The NZLRI is a 
single digital map of the whole country ata 1:50 000 
scale. Information on slope, soil, rock type, 
vegetation, erosion and land use capability is 
recorded for each map unit or polygon. Additional 
information, for example, stock carrying capacity, 
is recorded for each land use capability class. This 
database is used to produce maps of any attribute 
which is recorded or can be inferred from this data. 
The maps may be produced for any part of the 
country and at any scale up to the nominal 1:50 000 
scale (maps can be produced at larger scales but 
will not have appropriate spatial resolution). 

The National Soils Database comprises detailed 
soil descriptions and laboratory analyses for almost 
2000 fully characterised soil profiles. Unlike the 
NZLRL, it does not give a complete spatial coverage 
of the country and, in fact, each profile only relates 
directly to the point at which it was described. The 
information recorded for each profile is, however, 
comprehensive and may be extrapolated via a soil 
map or the soil data of the NZLRI. To facilitate this 
extrapolation the database has additional files 
storing information about soil classes and the 
surveys and regions in which they were mapped. 
These files providea link between soil mapsand the 
detailed profile descriptions. 

Apart from maintaining the databases, delivering 
the information to users in an appropriate format is 
an important component of this work. These users 
may be other science programmes or commercial 
clients. The data provided may be hardcopy maps 


or tabular printouts, detailed reports accompanied 
by mapsand tables or digital data to be manipulated 
by the user. Current research involves the 
development of automated procedures for 
efficiently producing the required wide range of 
outputs while maintaining appropriate 
cartographic and scientific standards. 


Database integration 

Databases held by DSIR Land Resources are being 
integrated. The immediate focus is on integration 
of the National Soils Database (NSDB) and the New 
Zealand Land Resource Inventory (NZLRI) so that 
the detailed soil information in the former can be 
effectively combined with the complete spatial 
coverage of the latter. The soil names used in the 
two databases have been correlated and information 
extracted from the soils database is now directly 
accessible from the NZLRI. Similarly the soil data 
from the NZLRI has been exported to a PC system 
which allows it to be related to any attributes 
ascribed to the soil classes. About half the soil class 
names used in the NZLRI are represented in the 
NSDB. Information for other classes may be inferred 
from a list of similar soil names (part of the NSDB) 
or from the higher level NZ Genetic Soil Class to 
which the soil belongs. 

The second approach to database integration is 
the compilation of a soil “knowledge base” which 
will contain a set of attributes assessed for each soil 
name used in the NZLRI. This assessment will be 
based on information in the NSDB and on the 
expert knowledge of the people making the 
assessment. The attributes assessed will be those 
influencing land use such as, drainage class, soil 
water storage capacity, permeability, and rooting 
volume. 

Future work is expected to widen the scope of 
database integration to include other reference 
collections. This will be particularly important 
where a common spatial framework is required 
and where different types of information, for 
example soil and vegetation, need to be combined. 


Crop modelling 

Computerised systems which evaluate the 
suitability for land for major crops are being 
developed. These evaluation systems may be based 
on crop growth simulation models or on simpler 
decision tree models or classification schemes. The 
models may be purely physical, such as crop yield 
and sustainability, or economic such as gross 
margin. 

Maps showing the relative suitability of land for 
various uses are constructed using Geographic 
Information Systems which link models with spatial 
datasuchassoil and climate. This information then 
provides a basis for land use planning and 
management decisions. Evaluation systems 
investigated to date, include quantitative 
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production models for wheat, pasture, Pinus radiata, 
apples, and generalised assessment schemes for 
horticulture and irrigation suitability. 


Climate terrain modelling 

Digital terrain data consist of a matrix of numbers 
representing height of land at set points on the 
landscape. Information stored in digital format is 
highly compatible for computer storage and 
analyses and can be used to produce detailed three 
dimensional images and maps. The resolution or 
scale of maps produced from digital terrain data is 
determined by the distance between altitude 
measurements, for example a 100 metre digital 
terrain model (DTM) gives spatial resolution 
equivalent to about a 1:100 000 map scale. A 100 
metre resolution DTM for the North Island and 
finer 20 metre DTMs for several smaller areas, 
based on existing contour information, have been 
generated. A 100 metre DTM for the South Island 
will be produced as soon as digital contours are 
available. 

DSIR Land Resources, in collaboration with the 
New Zealand Climate Centre, is developing 
predictive models of spatial climate variation using 
digital terrain data. Terrain is the major factor 
controlling climate patterns at scales of about 
1:250 000 orlarger. The terrain-based models enable 
us to produce much more detailed maps of 
(predicted) climate variables such as rainfall, 
temperature, radiation and evapotranspiration. 

The relationship between factors such as 
elevation, latitude, distance from coast, directional 
“rainshadow” and “shelter gradients”, and climate 
data hasbeen modelled. Predictions of mean annual 
air temperature and 10and 15 degree thermal times 
for the whole year and for the “growing season” 
were produced. Unfortunately climate stations are 
almost invariably located on flat sites so it is not 
possible to determine the effect of slope and aspect 
statistically from the climate data. We hope to 
model these effects using theoretical models from 
New Zealand Climate Centre. 

Investigation of more complex models of cold 
air drainage and resultant frost susceptibility are in 
progress using more detailed 20 metre DTMs of a 
pilot area in Central Otago. This work will be 
developed further in future years along with 
completion of the national 100 metre DTM and 
resultant climate database and research on satellite 
images to measure and predict cloud cover and 
hence refine other climate models. 


Digital landscape modelling 

DSIR Land Resources aims to develop automated 
or semi-automated techniques to apply landscape 
models to detailed soil and land resource mapping 
based on digital terrain models (DTMs). A method 
for constructing highresolution DTMs from existing 
digital contour information has been developed. 
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From these DTMs, parameters such as slope, aspect 
and earthflow accumulation areas, can be calculated. 
A further application involved generating a “soil 
map” directly from the DTM by developing a 
landscape model to predict soil distribution from 
landscape features. 

Three dimensional or stereoscopic images are 
needed to assist with interpreting and mapping 
landscape features. Traditionally these are created 
by viewing two adjacent photos through a 
stereoscope. DSIR Land Resources has developed a 
PC based system which displays landscape features 
on a computer monitor. When the viewer wears a 
pair of red and green glasses the landscape can be 
seen in three dimensions. This facility is currently 
only available in monochrome but work is 
underway to produce a full-colour system. 


Remote sensing 

Remote sensing is the science and art of obtaining 
information about an object, area, or phenomenon 
through analysis of data acquired from a device 
that is not in contact with the object, area, or 
phenomenon under investigation. Remote sensing 
devices are normally either cameras or scanners 
mounted in satellites and aircraft. Information is 
obtained from remotely sensed images by visual, 
or computerised methods which assist image 
interpretation. Some computer systems enable the 
integrated use of remote sensing image processing, 
Geographic Information Systems, and digital terrain 
models so that a range of spatial data types can be 
used to find solutions to land management and 
environmental problems. 

Remote sensing techniques are a valuable tool 
for land resource mapping and land management 
and have been developed fora range of applications, 
including: surveys of mass movement erosion and 
sedimentation caused by cyclones or rainstorms; 
mapping of agricultural and forest vegetation types; 
mapping vegetation stress caused by browsing or 
disease; determining the percentage vegetation 
cover in semi-arid landscapes of the South Island; 
detecting changes in land use and land cover by 
using time-sequential digital data from aerial 
photographs and satellite data;and combining data 
from remote sensing-image processing and 
Geographic Information Systems to produce high 
quality maps. 

DSIR Land Resources was involved in a large 
number of remote sensing consultancies. Major 
clients include Department of Conservation, 
Ministry of Forestry, regional councils, and 
catchment boards. Most overseas work was 
conducted in Fiji and Iran. Staff were also involved 
in technology transfer and training activities. 

Future work will involve the development of 
more accurate methods of obtaining information 
from digital remotely sensed images, further 
integration of spatial information systems for land 


Landsat satellite image showing agricultural crops and pastures, shelter belts, forestry, roads and river patterns of 
part of the Manawatu region. (Photo: © EOSAT 1990). 
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Degraded tussock grasslands in the MacKenzie Basin. 


evaluation and resource monitoring purposes, and 
the use of small scale weather satellite images for a 
pasture production prediction and cloud cover 
assessments. 


SUSTAINABLE USE OF TUSSOCK 
GRASSLANDS 


More than three million hectares of tussock 
grasslands in the high country of the eastern South 
Island have degraded soils and vegetation. DSIR 
Land Resources is contributing to the identification 
of more sustainable land use options for these 
lands. Work is being undertaken to describe and 
quantify the land resources across the high country 
landscape. The nature of land degradation and 
adverse impacts of management are being 
investigated and land restoration techniques are 
also being evaluated. This research has direct links 
with the Department of Conservation, Forest 
Research Institute, regional councils, farmers, 
Landcorpand Ministry of Agriculture and Fisheries. 


Land and climate resources 

Initially, research emphasis is being placed on the 
dry, degraded tussock grasslands in Central Otago 
and the Waitaki basin. Ina detailed study of a semi- 
arid landscape in Central Otago, relationships are 
being established between landforms, vegetation, 
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rabbit populations and key properties of soils, 
including bulk density and organic carbon content. 
These relationships will be used to assess the status 
of land degradation for planning rehabilitation of 
soils and vegetation. 

Databases of information about land (e.g., 
landforms, soils, vegetation and climate) and land 
management (e.g., land use, agronomic research 
trials and farmer experience) are being compiled 
for representative land areas in the Waitaki Valley 
in South Canterbury. This includes contrasting 
landscapes, ranging from semi-arid to very wet, 
and basins to high mountains. Interactions between 
land management practices and the environment 
are being studied so that the most appropriate 
management options can be identified. 


Impacts of management on vegetation and soils 

Although the adverse effects of overgrazing and 
repeated burning on soils and vegetation have long 
been recognised, determination of sustainable levels 
of grazing and frequencies of burning, ina range of 
environments, has remained largely elusive. In 
Tesponse to concern aboutimpacts of grazing sheep 
and rabbits in dry grasslands, a long-term 
programme to monitor trends in grasslands in the 
Waitaki basin has been established by Forest 
Research Institute, in association with DSIR Land 


Resources, Department of Conservation and 
Ministry of Agriculture and Fisheries. After two 
years without grazing, tussock grasses and shrubs 
are larger and native and introduced herbs have 
begun to colonise bare ground. Hawkweeds are 
particularly ageressive and may be suppressing 
native plants. In the contrasting wet, alpine 

rasslands near the main divide, a field survey has 
shown that the dominant snow tussock grasses 
have endured low levels of grazing for up to 25 
years, whereas these species have been replaced by 
short-stature grasses in areas of more concentrated 
grazing. 

Some mid to high altitude tall tussock grasslands 
in Otago, used for seasonal, low intensity grazing, 
are burnt periodically in the spring to remove litter 
cover to induce nutritious new growth and to 
improve stock access. The relative recovery of snow 
tussock after fire is being investigated at a range of 
sites where the time since last burning is known 
and where the recovery of tussocks is considered to 
be satisfactory. Some relatively easily measured 
attributes of tussocks, for example, tiller length and 
weight and tussock basal area, which can signal 
recovery, have been identified. A sampling index 
thatcan be used by land managers toassess whether 
or not a particular tussock grassland could sustain 
burning is being derived. 

Effects of grassland fires on soils are mainly 
confined to the near surface layers, especially the 
organic matter and fauna. A comparative study in 
progress on the Old Man Range at unburnt and 
recently burnt sites shows marked changes in soil 
carbon and phosphorous cycles due to the effects of 
fire on the vegetation. Results from this research are 
being used to develop indices of recovery and 
models which will help to prescribe guidelines for 
the sustainable use of burning. 


Land restoration 
Adverse soil conditions and climate constrain the 
restoration of degraded tussock grasslands. DSIR 
Land Resources is contributing to land restoration 
research by examining the potential role of 
indigenous species of trees, shrubs and grasses. 
Many of the degraded grasslands have historically 
supported woody vegetation. Combinations of 
erassland and shrubland, including the use of native 
nitrogen-fixing shrubs like matagouri, are being 
explored. When plant competition was controlled, 
a range of native tussocks, shrubs and trees have 
performed well in dryland trials in Canterbury. 
However, pines and eucalypts are generally faster 
toestablish. The best performing species in lowland 
and montane environments include: coprosmas, 
kanuka, olearias, cabbage tree and pittosporums. 
Inassociation with Landcorp, the natural recovery 
of destocked semi-arid grasslands in a sequence of 
exclosure plots near Alexandra, Central Otago, was 
evaluated. Cessation of grazing resulted inan overall 


increase in thenumber of perennial plants, including 
cocksfoot, ryegrass and kentucky bluegrass, at the 
expense of annuals such as subterranean clover, 
storksbill and hawksbeard. 

Pottrials and field experiments show that mouse- 
ear hawkweed, an aggressive, weedy species in 
degraded tussock grasslands, competes more 
vigorously with low-growing native species when 
soil fertility is high, but its competitiveness is 
reduced by shading. These results may strengthen 
the value of tall, woody species in this environment. 

In collaboration with DSIR Grasslands, keys to 
the selection of pasture species for high country 
environments are being developed according to 
the variability in soil conditions (especially depth, 
stoniness and drainage) and climate (particularly 
rainfall and temperatures). Required management 
inputs and estimated production yields are 
indicated. This work has drawn on an extensive 
pool of available results from agronomic trials and 
should generate substantial production as well as 
land restoration benefits. 


URBAN AND RURAL PLANNING 


The programme researches and develops land 
evaluation methodology and Geographic 
Information System (GIS) technology as ‘tools’ for 
data collation and manipulation for urban and 
ruralland use planning. The research was conducted 
as a series of pilot studies at selected locations and 
has potential for district, regional and national 
applications. 

Users of information demand a more 
comprehensive research product. GIS technology 
and associated traditional methods provide the 
means to integrate data sources important for 
decision making to resolve conflicting demands for 
reduced and sensitive resources at the rural-urban 
interface. 


Integrated land use planning 

The basis fora predictive soil-landscape model was 
developed. When completed this model will be 
able to predict soils at unknown sites based on 
factorssuchas elevation, aspect and parent material. 
This will reduce labour intensive and costly field 
work and allow more rapid identification of soil 
suitability for land use practices suchas horticulture, 
forestry and urban development. As part of this 
work a Digital Elevation Model, with a 20 metre 
contour interval, was constructed for Banks 
Peninsula in Canterbury. This three-dimensional 
terrain model allows calculation of slope, aspect 
and elevation, from which it is possible to derive 
factorssuchas the duration and intensity of sunlight 
and drainage for any point in the landscape. This, 
and other biophysical information can be used to 
identify areas suitable for native revegetation 
programmes, housing sites or roading. 


4] 


Asoilsurvey report for the Port Hills (Canterbury) 
was completed with an accompanying map at 
1:10 000 scale. This report identifies types of soils 
and their chemical and physical properties. The soil 
types were interpreted for their potential for urban, 
agricultural, forestry and horticultural use. Soils 
currently or likely to become erosion hazards were 
also identified. 


GIS and property valuation 

A pilot study was undertaken in which data from 
the Department of Survey and Land Information 
(DOSLI) was integrated with a Valuation New 
Zealand (VNZ) database for part of Ashburton 
District using a GIS. The DOSLI database (Digital 
Cadastral Database) contains information on land 
parcels throughout New Zealand with respect to 
their geographic location, shape, area and legal 
description. The VNZ database holds property 
information such as government valuation records 
and sale information. Property boundaries may 
contain more than one land parcel, particularly in 
ruralareas. By linking the two databases information 
is made available on land area, capital value, land 
use and improvements for each farm. 

These farm boundaries Were overlain with 
biophysical data such as soil and crop suitability 
maps. This will enable analysis of the relationships 
between land value and sale price with land use 
and land capability. The results will be of vital 
interest to valuers, real estate agents, and could 
influence how rating systems evolve in rural areas 
in future. This research is unique to New Zealand as 
nowhere else are such databases publicly available 
in a form which makes these types of analyses 
possible. 


Land evaluation systems for the urban fringe 

Urbanexpansionintoruralareas is occurring rapidly 
throughout New Zealand. Clearly some land is 
inappropriate for housing development because of 
flooding risks or because it supports high quality 


soils suitable for crop production. Under the terms 
of the Resource Management Act (1991), land must 
be used ina way that is sustainable, i.e., will benefit 
future generations. None of the major existing land 
evaluation approaches (e.g., soil survey, 
engineering, geological, and urban land use 
capability) provide an objective method of land 
evaluation which takes into account the restrictions 
of this Act. 

A comprehensive report was completed which 
outlines approaches to evaluating land for urban 
use, and argues for a more formal, rule-based 
approach to land evaluation in New Zealand. The 
new approach is a natural extension of the urban 
land use capability method which is increasingly 
favoured among planning staff requiring of tools 
which assemble and integrate the information 
necessary for urban fringe planning. 

Future work will build on this framework to 
develop the rule-based system and pilot its 
application in Manukau City. This city is ideal for 
trialing the system as it is one of the fastest growing 
cities in New Zealand and is surrounded by high 
quality soils ideal for food production. 


South Island land resource information 

A land use planning tool is now available for the 
South Island containing information on soils, 
vegetation, geology, slope, erosion and land use 
capability. This information was compiled ata base 
scale of 1:50 000 ina GIS following the format of the 
New Zealand Land Resource Inventory held at 
Taita. Work is continuing on expanding the data 
held for soils, by including information from 
detailed soil surveys in the South Island. At a later 
date vegetation and slope information will also be 
upgraded. 

Once compiled in the GIS, map production 
systems were developed to enable analysts to 
respond, in a timely manner, to requests for 
information from anywhere in the South Island. 
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